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ROLE OF SCHISTOSOMIASIS IN THE ETIOLOGY OF 
CANCER OF THE LIVER IN THE CHINESE 


PHILIP H. HARTZ, M.D. 
Pathologist of the Public Health Service 
CURACAO, NETHERLANDS WEST INDIES 


Discussing the causes of liver cell cancer in a (7 cases) and Clonorchis (25 cases) was noted. 
paper on primary neoplasms of the liver, Warvi' Real cirrhosis was absent in most cases, though, 
expressed the opinion that the increased inci- as the authors remarked, Laennec’s cirrhosis 
dence of this type of tumor in the Chinese ap- does not protect against infection with Schisto- 
pears to be connected with the frequent occur- soma. 
rence of cirrhosis secondary to schistosomiasis In none of these cases was death caused by 
in this race. His opinion is probably based on the helminthic infection and no liver cell cancer 
was found in this group. Of 44 persons with 


carcinoma coming to autopsy among Chinese 


reports of cases in which schistosomiasis, cir- 
rhosis of the liver and liver cell cancer occurred 
in the same patient. However, before an etio-  . , : 
ne oe ae . ee! . a in Batavia, 14, or 31 per cent, had primary 
ogic relationship between schistosomiasis, on - : 

oe” My , : cancer of the liver. In none of these was there 
one side, and cirrhosis and liver cell cancer, gn 


schistosomiasis. The incidence of cirrhosis and 
the other side, can be assumed, the occurrence 


’ , : : yrimary cancer of the liver in the Javanese 
of the two diseases last mentioned without schis- I . 


Sprain: : was and the Malayans, who are living under the 
tosomiasis with the same frequency in Chinese . 


pany , d same conditions and are certainly free from schis- 
must be excluded. This can be effected by the ’ 


Dea ee ime “4 9 ies 
postmortem examination of a large number of tosomiasis, is even greater.’ Tull, working in 


Chinese who are living in countries or regions Singapore, observed flukes in most of his pa- 
where schistneominsis. doce tet eccer. tients, but this can be explained by the fact that 
Such investigations have been carried out by @™ong the Chinese population of Singapore 
several Dutch pathologists working in Java and there are many more immigrants from Southern 
Sumatra and who, incidentally, were the first to China, where schistosomiasis is frequent. 
point to the increased incidence of liver cell According to Snapper,’ cirrhosis of the liver is 
cancer in the Chinese and the Javanese.2. In extremely frequent in North China, where 
Java and Sumatra autochthonous schistosomiasis schistosomiasis is not indigenous. In a small 
and clonorchiosis do not occur,* and both islands, series of autopsies in Peiping, primary liver cell 
especially Java, have a large Chinese population, cancer constituted 6.2 per cent of all cancers; 
part of which has been living on the islands for in comparison with the West this is still a high 
many generations. incidence. 

Bonne and others,* surveying 2,362 autopsies In Curacao, in the Netherlands West Indies, 
on Chinese men dying in Java and Sumatra, I found 5 cases of liver cell cancer in 33 autopsies 
noted cirrhosis of the liver was present in 5.8 on Chinese men during eight years. In none of 
per cent; in 1.4 per cent liver cell cancer was these 33 cases was there clinical, gross or micro- 
the cause of death. In 32, probably all*immi- scopic evidence of schistosomiasis. In the same 
grants from China, infection with Schistosoma period in 1,350 autopsies on Negroes and white 


1. Warvi, W. N.: Arch. Path. 37:367, 1944. ‘ 5. Bonne, C.: Am. J. Cancer 30:435, 1937; foot- 
2. Snijders, E. P., and Straub, M.: Geneesk. tijd- note 3. 
schr. v. Nederl.-Indié 61:625, 1921. 6. Tull, J. C.: J. Path. & Bact. 35:557, 1932; cited 
3. Bonne, C.: Am. J. Cancer 25:811, 1935. by Warvi.2 
4. Bonne, C., and others: Geneesk. tijdschr. v. 7. Snapper, I.: Chinese Lessons to Western Medi- 
Nederl.-Indie 71:506, 1931. cine, New York, Interscience Publishers, Inc., 1941. 
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people liver cell cancer was observed only in 3 
and hepatic cancer of the bile duct type only 
in 1. One biopsy specimen from a tumor of the 
liver proved to be liver cell cancer. My obser- 
vations parallel those of Strong and Pitts * but 
cannot be used as evidence for an etiologic rela- 


8. Strong, G. F., and Pitts, H. H.: Arch. Int. Med. 
46:105, 1930; cited by Snapper? and Warvi.! 
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tionship between schistosomiasis and liver cell 
cancer. 

The only conclusion that I can draw from the 
foregoing figures is that I fully agree with 
Bonne® in his statement that schistosomiasis 
does not play a role in the etiology of liver cell 
cancer in the Chinese: “ helminthic in- 
fections of the liver are out of the problem” 
(Bonne). 
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EXPERIMENTAL HAPLOSPORANGIUM INFECTION 


L. L. ASHBURN, M.D. 
Surgeon, United States Public Health Service 
AND 
C. W. EMMONS, Ps.D. 
Principal Mycologist, United States Public Health Service 
BETHESDA, MD. 


During the course of field studies of coccidioi- 
domycosis, 151 strains of Haplosporangium 
parvum and 35 strains of Coccidioides immitis 
were isolated from the lungs of naturally infected 
wild rodents. In subsequent laboratory studies 
the relationship of H. parvum to coccidioidomy- 
cosis has been investigated. The strains of this 
fungus differed in such details as colony type, 
abundance of conidia and virulence in experi- 
mentally infected animals. White mice were 
inoculated with representative strains, and 2 of 
these, nos. 1093 and 234, which produced many 
conidia and seemed to be relatively virulent, were 
selected for use in further studies. In an earlier 
report the production of lesions in white mice 
experimentally infected with this fungus was 
mentioned. It is the purpose of this paper to 
describe the experimentally produced lesions in 
more detail. 


Haplosporangium exhibited a rather low de- 
gree of virulence, and early experiments were 
therefore directed toward an attempt to repro- 
duce the mycosis in laboratory animals by what- 
ever method showed most promise of success. 


PROCEDURES 


Intraperitoneal introduction of spores was not suc- 
cessful in producing infections. Since the naturally 
occurring disease in wild mice was pulmonary, attempts 
were made to introduce spores directly into the lungs 
by forcing the animals to inhale dry spores, by injecting 
a suspension of spores through the thoracic wall into 
the lung, by intracardial injection and by dropping a 
suspension of spores into the nose. In the inoculation 
of mice the last-named method was the most successful. 
Mice anesthetized with ether were held ventral side up 
with the head slightly elevated, and the suspension of 
spores was dropped over the nostrils. If the proper 
degree of anesthesia was reached, this method was uni- 
formly successful. 

Repeated exposure seems to be an important factor 
in the development of many mycoses and undoubtedly 
occurs in the case of Haplosporangium infection in wild 
mice under natural field conditions. Most of the experi- 
mentally infected mice were therefore given repeated 


From the Pathology Laboratory and the Division of 
Infectious Diseases, National Institute of Health. 


intranasal inoculations in an attempt to produce pro- 
gressive infection. The effect of reinoculation was inves- 
tigated systematically in two series of mice consisting 
of 96 and 104 animals, respectively. In each series all 
animals were given a preliminary intranasal inoculation, 
the inoculums being kept as nearly uniform in size as 
possible. After an interval varying from one to six 
weeks a second inoculation was given to about 75 per 
cent of the mice. Animals were killed at suitable inter- 
vals to determine the extent of the resulting infection. 
A single intranasal inoculation was sufficient to produce 
characteristic pulmonary lesions. These were visible on 
postmortem examination as gray to yellowish, flat or 
slightly raised, irregularly limited areas, their location 
and extent depending probably on the amount of inocu- 
lum actually entering the lung and the route it followed. 


GROSS LESIONS PRODUCED 


In many animals killed several weeks after 
inoculation, minute, yellowish white, discrete, 
slightly raised lesions were found. These appar- 
ently were lesions which developed around 
cells of the fungus after the resolution of the 
primary reaction which often followed the intro- 
duction of the suspension of spores into the lung. 
The histologic structure of these lesions will be 
described in a later section. Lesions of similar 
type and extent were found in animals receiving 
one and two inoculations, but in some cases the 
reinoculation apparently increased the severity 
and the extent of the infection. No correlation 
was found between the interval elapsing between 
the first and the second inoculation and differ- 
ences in the type and the extent of lesions. 


PROTECTIVE EFFECT 


The close association of Haplosporangium in- 
fection with pulmonary coccidioidomycosis in 
certain species of wild rodents in Arizona, the 
low virulence of H. parvum in experimentally 
infected white mice and the chronic nature of 
the infection produced in these animals suggested 
that it would be worth while to determine 
whether an initial infection with H. parvum 


1. (a2) Emmons, C. W., and Ashburn, L. L.: Pub. 
Health Rep. 57:1715-1727, 1942. (b) Ashburn, L. L., 
and Emmons, C. W.: Arch. Path. 34:791-800, 1942. 
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would protect mice against subsequent exposure 
to C. immitis. In order to test this point, 33 
white mice and white-footed mice (Peromyscus 
leucopus) were inoculated intranasally with H. 
parvum and after an interval of three weeks were 
inoculated intraperitoneally with an estimated 
dose of 11,000 spores of C. immitis. The strain 
of C. immitis used had been isolated from a pocket 
mouse (Perognathus baileyi) found spontane- 
ously infected in Arizona. It, as well as the 
other rodent strains of this fungus, had been 
compared with strains isolated from man and 
were found to be typical of the species in viru- 
lence and other characteristics. All but 2 of the 
Peromyscus mice died with typical coccidioidomy- 
cosis within two weeks after being inoculated 
with C. immitis. All but 6 of the white mice died 
from two to six weeks after that inoculation, the 
remaining 6 being put to death at that time. 
All showed lesions typical of coccidioidomycosis. 
As a control in this experiment, 19 mice were 
given the same dose of spores of Coccidioides 
without having had a preliminary infection with 
Haplosporangium. The progress of coccidioido- 
mycosis in these control mice was the same as 
in the animals inoculated with both fungi. Simi- 
lar results were obtained in a repetition of the 
experiment. There was no evidence that a pre- 
vious exposure to H. parvum altered the resis- 
tance of mice experimentally infected with C. 
immitis. 

LABORATORY ANIMALS USED 

H. parvum produces in white mice pulmonary 
lesions which are like some of those found in 
naturally infected wild mice, but we have not 
yet succeeded in producing in these mice granu- 
lomas of the type found in some of the wild 
mice from which H. parvum only was isolated. 
The fungus, so far as present studies have shown, 
does not multiply within the body of the experi- 
mentally infected animal but undergoes a limited 
development, as described in the section on 
pathology. We have therefore attempted to find 
a laboratory animal more susceptible than the 
white mouse. 

A few wild rodents (Perognathus baileyi, Perog- 
nathus intermedius, Perognathus penicillatus, Dipodomys 
merriami, Dipodomys spectabilis) were brought to the 
laboratory from the field stations and experimentally 
infected. Experimental studies involving these animals 
were inconclusive, and additional specimens have not 
been available for use. Hamsters and cotton rats were 
inoculated intranasally and guinea pigs intracardially, 
but these species appeared to be more resistant than 
white mice. In guinea pigs the fungus was observed 
by microscopic examination in the spleen, which was 
small, and in the lungs and kidneys, which grossly 
showed no abnormalities. The fungus was recovered in 


culture of material from guinea pigs killed one month 
after intracardial inoculation, but many of the fungous 
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cells showed degenerative changes and in animals saved 
for a longer period the fungus, although it could be 
found in sections of the lungs and the spleen, was no 
longer viable as determined by culture. Intratesticular 
inoculation of guinea pigs caused local inflammatory 
reactions and atrophy of the testicle but no progressive 
infection. Four goats were inoculated by dropping a 
suspension of spores into the glottis while they were 
under anesthesia induced with pentobarbital sodium and 
were reinoculated two weeks later by transpleural pul- 
monary inoculation. None of the animals showed pulmo- 
nary lesions. Attempts to produce lesions in 2 monkeys 
by intranasal instillations were not successful, but an- 
other monkey which received repeated inoculations of 
spore suspensions through the wall of the chest showed 
extensive changes, to be discussed in the section on 
pathology. Another monkey which received fungous 
spores by both routes also showed pulmonary lesions. 


In the study of experimental H. parvum infec- 
tion in white mice, approximately 200 of these 
animals have been examined histologically. 
However, the following description of the lesions 
produced is based largely on those observed in 
a group of 41 mice inoculated with strain 1093. 
Approximately half of this group received one 
inoculation; the other half received a second 
inoculation two weeks after the first. Since there 
was no recognized difference either in the extent 
or the character of the lesions or in the number 
of cells of the fungus between the group receiv- 
ing only one inoculation and the group which 
received two inoculations, all 41 animals were 
used in studying the genesis of the pulmonary 
lesions. Groups of the animals were killed one, 
two, four, and five months after the original in- 
oculation. For a description of earlier lesions 
(under one month), mice inoculated with fungous 
strain 1093 but from another experimental group 
were studied. 


HISTOLOGIC OBSERVATIONS 


The lungs of some mice examined from two 
to three weeks after intranasal inoculation 
showed a very few, quite small collections of 
mononuclear cells enclosing single spherical cells 
of the fungus, ranging in diameter from 5 to 10 
microns. The wall of the fungous cell was refrac- 
tile, thin and unstained, and the cytoplasm was 
basophilic and of uneven density, though not dis- 
tinctly vacuolated. Other mice in this period 
showed pulmonary lesions as well developed 
and fungous cells as large as those seen in ani- 
mals killed after one month. In the mice exam- 
ined a month after inoculation, many cells of the 
fungus were seen, and most of them ranged 
from 25 to 30 microns in diameter. The walls 
of these fungous cells measured 3 to 4 microns 
in thickness and were oxyphilic and slightly 
anisotropic. The cytoplasm was less basophilic 
and less dense than that of the small fungous cells 
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A, lung of a mouse four months after inoculation with spores of H. parvum, showing a group of granulomas 
and cellular infiltration of intervening tissue; Xx 90. ’ 

B, group of granulomas in the lung of a monkey killed three months after transpleural pulmonary inoculation 
of H. parvum; 75. 

C, lung of a mouse showing two cells of the fungus in different stages of growth; Xx 300. This mouse 
received two inoculations four weeks apart. 

D, larger lesion from the same lung shown in B; x 85. 

E, portion of a large mononuclear cell granuloma with centrally located cell of H. parvum; x 430. 

F, details of a cell of H. parvum in a granuloma; xX 575. The nucleus and the nucleolus are distinct. Note 
the clustering of polymorphonuclear leukocytes around the fungus. 
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seen in some mice killed after two to three 
weeks. Numerous globules of fat were present in 
most fungous cells seen in animals killed one 
month or longer after inoculation. In tissue fixed 
in a solution of formaldehyde the cytoplasm of 
the fungus often appeared thready, granular or 
vacuolated. Some of the lungs were fixed in 
Bouin’s fluid, dehydrated and infiltrated slowly 
with paraffin. In these, the cytoplasm of the 
fungus was more homogeneous. Most cells of 
the fungus, particularly if serial sections were 
made, showed a single oxyphilic nucleus, ranging 
from 5 to 7 microns in diameter, with a baso- 
philic nucleolus, measuring 1.9 to 2.5 microns in 
diameter. A number of these large cells of the 
fungus were surrounded by a single layer of 
large mononuclear cells. Others were set in 
cellular nodules up to 100 microns in diameter, 
formed mainly of large mononuclear cells but 
showing also small numbers of lymphocytes. 
Rarely a few neutrophils separated the fungous 
cell from the enclosing mononuclear cells. Giant 
cells were rarely seen in such nodules. The 
fungous cells and cellular nodules were most 
numerous in the hilar portion of the lobe. In the 
few animals where they were fairly numerous, 
this area often showed the nodules touching one 
another or the alveoli between them filled with 
quite large mononuclear cells and a few irregu- 
larly scattered lymphocytes and neutrophils. A 
striking observation in these lungs was that of 
thick perivascular collars of lymphocytes. These 
lymphocytes were fairly densely packed, and the 
collars of cells were sharply limited marginally. 
This infiltration was most pronounced around 
the larger vessels toward the hilus. It was also 
seen commonly in other areas, both adjacent to 
and distant from mononuclear cell nodules. 

In the lungs of mice killed two months after 
inoculation, a few fungous cells were surrounded 
by only a single row of mononuclear cells, but 
generally the nodules were slightly larger than 
those seen after one month. Giant cells abutting 
on or enclosing the cells of the fungus were more 
frequent, and clusters of polymorphonuclears 
around the fungous cells were present in many 
nodules. In most instances a single cell of 
the fungus was seen at the center of the cellular 
nodule; however, larger, irregularly shaped 
monocytic masses were present which contained 
three or four irregularly placed fungous cells. 
In such a lesion lymphocytes and polymorpho- 
nuclears were sometimes fairly numerous. 
Lymphocytes usually were most numerous at 
the periphery of the lesions; rarely the nodules 
were formed almost entirely of these cells. The 
cells of the fungus were generally slightly larger, 
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occasionally measuring 40 microns. The walls 
of the fungous cells were also thicker and not 
infrequently had an outer basophilic lamina. 
This layer was sharply limited from the inner 
oxyphilic portion and generally was of even 
thickness, although occasionally a knobby ex- 
crescence was seen. 

The pulmonary lesions of mice killed four 
months after inoculation were similar to those 
in mice killed after two months. However, the 
mononuclear cell masses enclosing the cells of the 
fungus showed less variation in size. Often they 
measured 200 microns and fungous cells sur- 
rounded only by a single row of mononuclear 
cells were rare. The cells comprising the nodules 
generally had much cytoplasm, which in many 
instances showed marked fine (foamy) vacuola- 
tion. Multinucleated giant cells, often com- 
pletely enclosing the fungous cells, were seen with 
considerable regularity. In some animals they 
were present in practically all nodules, and occa- 
sionally a number of giant cells formed the bulk 
of an individual lesion. Polymorphonuclear 
leukocytes were present in greater numbers 
around the cells of the fungus and were almost 
constantly present. Occasionally a nodule was 
formed of about equal numbers of polymorpho- 
nuclears and mononuclears, completely inter- 
mingled. Perivascular lymphocyte infiltration 
was still prominent four months after inocula- 
tion, and the apparent fusion of nodules, due 
to the presence of large mononuclears in inter- 
nodular alveoli, was more striking. In some mice 
the medial half of one or more pulmonary lobes 
was largely “consolidated” in this manner. Oc- 
casionally (2 of 9 mice) there was slight to 
moderate deposition of collagen fibers in the 
outer part of the nodules. Here, concentrically 
arranged spindle-shaped fibroblasts were seen, 
giving more definite circumscription to the 
nodules than is usually observed. The cells of the 
fungus showed no further increase in size, but 
their walls were thicker. The basophilic outer 
lamina generally was of greater thickness than 
observed earlier and more uneven, and in the 
process of sectioning the tissue this outer layer 
was sometimes fractured. In a few animals the 
walls of most fungous cells were entirely ba- 
sophilic, but the cytoplasm generally was not rec- 
ognizably altered. Rarely the cytoplasm was 
oxyphilic and apparently necrotic. The thick 
walls of a number of the fungous cells seen at 
various intervals, but most often between two and 
four months, appeared to be formed of from two 
to four concentric layers, each exhibiting a dis- 
tinctly different degree of oxyphilia. 
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ASHBURN-EMMONS—EXPERIMENTAL HAPLOSPORANGIUM INFECTION 7 


The degree of involvement and the appearance 
of the lesions in the lungs of mice killed five 
months after inoculation showed little change 
from what was seen at four months. Although 
an occasional necrotic fungous cell was seen, there 
was no apparent significant reduction in their 
number nor any lessening of reaction to them. 


Minor alterations were occasionally observed 
in other organs. These appeared unrelated to the 
experimental infection. 

In an experiment using strain 234 of H. par- 
vum as the source of the inoculum, 18 mice 
received only one inoculation. A single fungous 
cell was seen in the lungs of 1 of these animals. 
Of 20 mice receiving a second inoculation two 
weeks after the first, 4 showed involvement simi- 
lar to that following inoculation with strain 1093. 
In 1 mouse the lesions were extensive. 


The 2 monkeys given spores of the fungus by 
intranasal instillation showed no pulmonary 
lesions. However, a monkey receiving the spores 
by transpleural pulmonary inoculation showed 
extensive involvement of the inoculated right 
lung and similar but less extensive involvement 
of the left. This monkey was killed ninety days 
after inoculation. The alveolar structure of the 
lung was almost completely obliterated by thick- 
ening of septums resulting from cellular infiltra- 
tion, mainly lymphocytes and plasma cells. In 
such areas granulomas up to 400 microns (aver- 
age about 200 microns) were numerous. The 
granulomas were formed mainly of polygonal 
epithelioid cells and usually showed one, occa- 
sionally more, large giant cells (one measured 
300 microns). The visceral, parietal and inter- 
lobar pleura on the right side was thickened, 
fibrous and adherent and showed numerous 
granulomas. There were present in the peri- 
bronchial and mediastinal lymph nodes scattered 
granulomas similar to those in the lung. 

Another monkey was given a suspension of 
spores by nose and after a lapse of one hundred 
and eighteen days a similar suspension by trans- 
pleural pulmonary inoculation; it was killed 
thirty-five days later. The pulmonary infection 
was essentially similar to that just described. 
However, the granulomas appeared older. Many 
of the epithelioid cells were spindle shaped, the 
giant cells were smaller and more numerous, and 
there was moderate fibrosis in a number of the 
lesions. Moreover, most of the cells of the 
fungus were dead, empty fungous capsules being 
fairly numerous. This would suggest that most 
of the granulomas resulted from the intranasal 
inoculation rather than the transpleural pul- 
monary inoculation done thirty-five days before 
death. 


COMMENT 


The description of the lesions produced by H. 
parvum in the lungs of mice and monkeys has 
been given in some detail to show that the reac- 
tion is progressive for a period of four to five 
months, and for the purpose of comparing them 
with the spontaneous lesions occurring in wild 
rodents. It is true that there is no evidence to 
show that propagation of the fungus took place 
in the experimental animals, and in that sense a 
progressive infection was not produced. It is 
evident that the fungus undergoes considerable 
growth, remains viable for a lengthy period and 
produces a considerable reaction. Although 
serial sections were not made, the examination 
of thousands of experimentally produced granu- 
lomas indicates that each individual lesion usually 
results from a single fungous cell located near its 
center. That the lesion is more than a foreign 
body reaction is indicated by a number of fea- 
tures. First, a pneumonic reaction occurs in 
some animals shortly after the introduction of 
the spores (killed spores introduced in a similar 
manner failed to produce lesions). Second, a 
marked perivascular lymphocyte infiltration oc- 
curs not only in the area of the granulomas but 
at some distance from them, not infrequently in 
areas which show no other alteration. Third, 
the polymorphonuclear leukocyte infiltration is 
prominent in some of the granulomas, particu- 
larly immediately adjacent to the cells of the fun- 
gus, and in the older lesions. Lastly, the lesions 
exhibit a slow but steady growth for four or five 
months. 


In the description of the fungous cells, the 
thickness of the wall was given and various 
oxyphilic and basophilic layers were mentioned. 
This separation into different layers on the basis 
of staining properties is likely artificial and prob- 
ably represents only a variation in the py level of 
different portions of the wall. However, it is 
possible that part of the apparent wall is con- 
tributed by the surrounding animal tissue. This 
wall swells to an unusual degree when lung tissue 
containing the fungus is macerated and mounted 
in 10 per cent sodium hydroxide. 

It is of interest to compare briefly the lesions 
seen in the experimental animals with those 
occurring in naturally infected wild rodents. In 
earlier publications’ two types of lesions were 
described. One type was a small, irregularly 
shaped collection of large mononuclears usually 
enclosing only one cell of the fungus. A second 
type was characterized by well organized granu- 
lomas up to 2 mm. in diameter, usually con- 
taining numerous cells of the fungus. The latter 
type of lesion was not reproduced in the experi- 








8 ARCHIVES OF 


mental animal. We suggest that this was due 
to the failure of the fungus to propagate in the 
lungs of the experimental animal. This belief 
is supported by certain observations in the study 
of the naturally infected wild mice (Perogna- 
thus). Evidence presented previously ™ indi- 
cates that the fungous cells in some of these 
granulomas were the progeny of H. parvum. In 
a few of the naturally infected wild mice showing 
well formed granulomas with abundant fungous 
cells, there occurred small (up to 200 microns) 
satellite nodules in contact with the wall of the 
larger granuloma. These small nodules re- 
sembled in many respects the granulomatous 
lesions seen experimentally. Likewise they were 
formed around single, centrally located fungous 
cells. 

Endosporulation in Haplosporangium has not 
been observed in experimentally infected mice, and 
there appears to be a discrepancy in this respect 
between the field and the experimental data 
which we have not yet been able toexplain. Endo- 
sporulating fungous cells which closely resembled 
Coccidioides were found in the sectioned lungs 
of naturally infected Perognathus. From some 
of these animals Haplosporangium only was iso- 
lated from the portion of lung cultured. Further, 
Haplosporangium only was isolated from 18 
Perognathus mice presenting granulomas, most 
of which contained numerous large fungous cells 
which were not sporulating but presumably were 
the result of earlier endosporulation. It is pos- 
sible that in these, as in some cases observed, 
an animal was infected by both fungi and that 
the portion of lung cultured contained only 
lesions caused by Haplosporangium, while con- 
versely the portion sectioned contained only 
lesions caused by Coccidioides. It seems more 
probable, however, that in the lungs of Perogna- 
thus Haplosporangium actually reproduces by 
endosporulation in a manner similar to that 
of Coccidioides. These rodents, as previously 
pointed out, appear to bear an unusual host- 
parasite relationship to Coccidioides, and it is 
reasonable to suppose that their adjustment to 
the infection resulting from inhalation of conidia 
of Haplosporangium also differs from that of the 
laboratory animals we have examined. It is 
probable, in view of the type of lesions already 
produced in experimental animals, that if a more 
suitable animal can be found or if the suscepti- 
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bility of experimentally infected white mice can 
be increased, the life cycle of Haplosporangium 
in experimentally infected animals can be com- 
pleted. 

SUMMARY 


Of all the animals experimentally infected with 
H. parvum (mice, guinea pigs, rats, monkeys, 
hamsters and goats), mice appeared to be the 
most satisfactory and were used in the study 
of lesions produced by this fungus. Intranasal 
instillation of a suspension of spores was the in- 
oculation method of choice. In mice killed two 
weeks after inoculation the pulmonary lesions 
were small and formed of compactly disposed 
large mononuclear cells. Such a lesion enclosed a 
single round cell of the fungus, measuring 5 to 
10 microns in diameter. In animals killed one 
month after inoculation the lesions measured up 
to 100 microns and were formed largely of mono- 
nuclear cells with a few lymphocytes and poly- 
morphonuclear leukocytes. The fungous cells 
measured 25 to 30 microns and had fairly homo- 
geneous basophilic cytoplasm. Each fungous 
cell exhibited a single nucleus and a distinct 
nucleolus. Mice were studied at intervals up to 
five months after inoculation. From these it 
was evident that the lesions grew slowly for 
about four months. The individual lesion at 
this stage was generally round, fairly distinct 
marginally and measured up to 200 microns. 
Giant cells, which appeared earlier, were fairly 
numerous at four months. Fungous cells up to 
35 microns were frequently seen and had thick 
walls, often appearing laminated. Evidence of 
propagation of the fungus in the tissue was not 
observed. 

The lesions occurred most often in the medial 
half of the pulmonary lobes, and this portion 
was often consolidated by contiguous or closely 
grouped granulomas and had an exudate of large 
mononuclear cells in the intervening alveoli. 
Organs other than lungs showed no lesions 
which appeared related to the experimental in- 
fection. 

An experiment planned to permit study of 
a possible immunologic relationship between H. 
parvum and C. immitis showed that mice inocu- 
lated with H. parvum were as susceptible to 
C. immitis, when inoculated three weeks later, 
as were control mice. 
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PANCREATIC 


NECROSIS 


IN ELECTRIC SHOCK 


MAJOR ALFRED M. GLAZER 


MEDICAL CORPS, ARMY 


During the past year 3 cases of extensive pan- 
creatic necrosis associated with fatal electric 
shock have been studied. Most articles on this 
subject do not mention pancreatic changes. 
Jaffé* in an excellent review of electropathology 
made no mention of them, nor is there any ref- 
erence to pancreatic changes in electric shock in 
MacCallum’s? “Textbook of Pathology.” An 
extensive article by Sirolli,* however, does de- 
scribe similar changes in animals dying of elec- 
tric shock. 


OF THE UNITED STATES 


REPORT OF CASES 


Case 1.—A soldier was telephoning during an electric 
storm June 10, 1943. He suddenly called out, “I have 
been struck,” then walked out of the tent and collapsed. 
He was given stimulants and artificial respiration but 
died almost immediately. An autopsy was made four 
hours after death. The pancreas was of normal size 
and shape. Its head and neck appeared normal. Its 
body and tail, however, were extremely flabby and on 
section appeared slightly duller than normal and 
markedly congested. Microscopic sections of the pan- 
creas showed marked variations. Some areas presented 





Photomicrographs of pancreas showing various degrees 


eosin; paraffin sections; x 100. 

In view of the frequency of electric shock of a 
major or minor degree, wider recognition of 
possible pancreatic necrosis is indicated. In non- 
fatal cases minor pancreatic changes may occur, 
which could be determined by studies of serum 
amylase. 
portant for early diagnosis and treatment and for 
the recognition of possible late sequelae. Minor 
pancreatic changes no immediate 
symptoms but may later cause pancreatic insuf- 
ficiency. This is especially important in indus- 
trial cases from a medicolegal standpoint. 


1. Jaffé, R. H.: Arch. Path. 5:837, 1928. 
2. MacCallum, W. G.: A Textbook of Pathology, 


7, Philadelphia, W. B. Saunders Company, 1940. 
3. Sirolli, M.: Arch. ital. di chir. 33:333, 1933. 


Awareness of this possibility is im- 


may give 
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Hematoxylin and 


of necrosis without cellular reaction. 


normal tissue, some slight necrosis with loss of nuclear 
structure and disintegration of cellular boundaries, and 
some complete necrosis with total loss of normal struc- 
ture and without cellular reaction (fig. 1). There 
were also areas of apparent hemorrhage. The other 
abnormalities of note were extensive burns of the skin, 
focal areas of hemorrhage in the myocardium and the 
epicardium, focal areas of hemorrhage in the lungs and 
extreme congestion of the kidneys, the spleen, the brain 
and the adrenal medulla. 


Case 2.—A soldier was standing guard July 19, 1943 
during an electric storm. A terrific burst of lightning 
occurred, and he was seen to lean against a barbed wire 
fence. A moan was heard, and on examination two or 
three minutes later he was pulseless and not breathing. 
All types of stimulants and prolonged artificial respira- 
tion were given to no avail. An autopsy was performed 
sixteen hours later, the body having been placed in a 
refrigerator immediately after death. The pancreas 








10 ARCHIVES 


was of normal size and shape. Its head, neck and body 
were normal. Its tail, however, was much flabbier and 
duller than normal and on section was markedly con- 
gested. Microscopic sections of tissue from the head, 
the neck and the body were normal. Sections from the 
tail presented extensive hemorrhage with extensive ap- 
parent coagulation necrosis without any cellular reac- 
tion (fig. 2). The other changes of note were extensive 
acute congestion of all sections of the central nervous 
system with slight to moderate perivascular hemorrhage. 


Case 3.—A soldier was found dead in a bathtub on 
May 27, 1944. It was surmised that while taking a 
bath he attempted to plug in a radio at a wall outlet 
and was electrocuted. An autopsy was performed eight 
hours later, the body having been placed in a refriger- 
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ator. The pancreas was of normal size and shape. The 
entire pancreas was extremely flabby and duller than 
normal. The cut surface was congested and had a 
speckled appearance, which was most marked in the 
tail. Microscopically, the pancreas presented areas of 
slight, moderate and complete necrosis without cellular 
reaction. There were also areas of slight hemorrhage 
(fig. 3). The other alterations of note were acute 
congestion of the central nervous system with focal 
areas of perivascular hemorrhage. 


SUMMARY 


Cases of electric shock in which pancreatic 
necrosis is present are of possible clinical and 
medicolegal significance. 




















CORRELATION BETWEEN CHEMICAL AND MORPHOLOGIC 


ALTERATIONS IN 


EXPERIMENTAL ATHEROSCLEROSIS 


O. J. POLLAK, M.D. 
TAUNTON, MASS. 


The morbid anatomy of the various stages of 
experimental atherosclerosis is well known. For 
this knowledge physicians and research workers 
are greatly indebted to Leary. It has been 
sufficiently proved that cholesterol is the chief 
causative agent in human as well as in experi- 
mental atherosclerosis. 


The results of a study of the correlation 
between the amount of cholesteroi ingested, the 
level of the blood cholesterol and the presence 
and the degree of atherosclerotic lesions in 
rabbits are presented. 


MATERIAL AND METHODS 


Sixty rabbits, weighing between 2 and 4 Kg., were 
used for the experiment; 40 of these rabbits were fed 
cholesterol, and 20 served as controls. There were 
equal numbers of males and females in each group. 

The animals were kept on a diet of fresh vegetables. 
Each of the cholesterol-fed animals was given daily 
0.5 Gm. of powdered cholesterol in a gelatin capsule.” 
Venous blood was drawn weekly in the morning hours 
for the estimation of cholesterol, and Bloor’s ? method 
adapted for a photoelectric colorimeter was used. 


OBSERVATIONS 


The initial level of the blood cholesterol in 60 rabbits 
was between 108 and 170 mg. per hundred cubic centi- 
meters; the average was 135 mg. There was no appre- 
ciable difference in either sex. The maximum individual 
variation of blood cholesterol level in the 20 control 
animals throughout an observation period of three 
months was 55 mg. per hundred cubic centimeters. 

The cholesterol-fed animals were divided into three 
groups; 10 received 30 Gm. of cholesterol in sixty 
days, 10 others 40 Gm. in eighty days and 20 received 
50 Gm. in one hundred days. The animals were killed 
after the termination of their feeding period; the con- 
trols, at the end of the experiment. 

A study of the weekly blood cholesterol values of 
each rabbit revealed considerable variation from one 
animal to another. Those with similar blood choles- 


From the Research Division of the Taunton State 
Hospital. 

This work was aided by a grant from the Depart- 
ment of Mental Health of the Commonwealth of Massa- 
chusetts for research in arteriosclerosis. This paper is 
the first of a series. 

1. Leary, T.: Arch. Path. 17:453, 1934; $2:507, 
1941; 37:16, 1944. 

2. Pollak, O. J.: 

3. Bloor, W. R.: 


Arch, Path. 37:337, 1944. 
J. Biol. Chem. 24:227, 1916. 


terol curves were combined and placed into four distinct 
groups (A, B, C and D). 

Group A (fig. 1) consisted of 7 rabbits (17.5 per 
cent of all 40 cholesterol-fed animals), 3 males (15 
per cent of 20 males) and 4 females (20 per cent of 
20 females). The blood cholesterol curves for the 
sexes were alike. There was a slow gradual rise which 
after five weeks reached a low maxmium of about 
400 mg. per hundred cubic centimeters. From this 
maximum point the curve fell, and at the end of twelve 
weeks the blood cholesterol value was normal. 

Group B (fig. 2) consisted of 14 rabbits (35 per 
cent), 9 males (45 per cent) and 5 females (25 
per cent). The curves for the sexes were similar. 
They rose slowly and steadily and at the end of fifteen 
weeks reached a low maximum of 430 mg. per hundred 
cubic centimeters of blood. 

Group C (fig. 3) consisted of 9 rabbits (22.5 per 
cent), 4 males (20 per cent) and 5 females (25 
per cent). The curves for the sexes were much alike. 
There was a comparatively quick rise in the first seven 
weeks, the blood cholesterol reaching about 600 mg. 
per hundred cubic centimeters. This was followed by a 
temporary slight decline up to the twelfth week. In 
the third phase the curves ascended again to the for- 
merly reached maximum. 

Group D (fig. 4) comprised 10 animals (25 per cent), 
4 males (20 per cent) and 6 females (30 per cent). 
For each sex there was a steep curve which reached 
a first high value of about 700 mg. per hundred cubic 
centimeters within six weeks. The curve for the females 
continued upward with occasional falls. That for the 
males showed a temporary rapid decline which reached 
its lowest point in the ninth week at 500 mg. per 
hundred cubic centimeters. There was, however, a third 
phase in which the curve for the males again ascended 
to a high level. The maximum value which was reached 
at the end of the experiment was over 800 mg. in the 
curve for the males and almost 1,000 mg. in that for 
the females. 

The curves for the first two groups (A and B) and 
those for the second two groups (C and D) had some 
common characteristics. The first two curves rose 
slowly and reached a low maximum; the second two 
curves rose faster and reached higher values. Group A 
showed an irreversible and group C a temporary drop 
of the values whereas the other two curves showed a 
more or less steady increase. The type of initial rise 
was evident from a comparison of the length of time 
between the onset of the experiment and the point at 
which the initial blood cholesterol value was doubled: 
It took four weeks for A, three weeks for B and C 
and only two weeks for D. On the whole, the curves 
for the sexes were similar. The number of female 
rabbits in each of the four groups was almost the same. 
There were only 15 per cent of male animals in group 
A; in group B there were 45 per cent, and equal num- 
bers of male animals were present in groups C and D. 

Figure 5 represents a summary of the average weekly 
blood cholesterol estimations of all 40 cholesterol-fed 


11 








12 ARCHIVES OF 


rabbits. The curves for the sexes, as well as the 
average combined curve for all 40 animals, increased 
gradually with occasional falls. Only in the last weeks 
of the experiment were the curves dissimilar: The 
blood cholesterol values of the male rabbits ascended 
to a higher level than those of the females. 

The graphs included the cholesterol values for all the 
animals regardless of the duration of their feeding 
period. A certain number of rabbits were eliminated 
after the intake of 30 or 40 Gm. of cholesterol. There- 
fore, the first part of each curve presented a summary 
of values for a larger number of animals than did the 
last part. 
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degree and the extension of the atherosclerotic process 
increased with the intake of cholesterol. 

The gross and the microscopic atherosclerotic lesions 
observed in the rabbits were arbitrarily rated according 
to their degree and extension. An accumulation of foam 
cells in the subendothelial layer in a single plaque was 
considered the first sign of atherosclerosis (1 degree). 
Thickening of the intima proper, fraying of the inner 
elastica and involvement of a larger area were indi- 
cations of a more advanced process (2 degrees). 
Further spread of the lesion, the appearance of young 
fibrous tissue progressing from the subintimal layer 
toward the intima, and hyperplasia of fibrous and elastic 
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Fig. 3.—Blood cholesterol curves of group C: (males (....); females (---); combined average ( ). 


The type of curve did not depend on the initial blood 
cholesterol value, nor did it depend entirely on the 
amount of cholesterol ingested. After an intake of 
30 Gm. of cholesterol, the lowest, average and maxi- 
mum blood cholesterol values were 308, 586 and 900 
mg. per hundred cubic centimeters, respectively. After 
ingestion of 50 Gm. 443 mg. was the lowest, 761 mg. 
the average and 1,216 mg. the highest. Some rabbits 
had a higher blood cholesterol value after a lower 
intake; others, a relatively lower value after ingestion 
of more cholesterol. 

A relatively large number of rabbits had atheroscle- 
rotic lesions after the intake of 30 Gm. of cholesterol, 
while some rabbits did not respond after 50 Gm. The 


elements of the media causing thickening of the wall 
represented the next degree of change (3 degrees). 
The highest degree of atherosclerosis encountered in 
the experiments was characterized by involvement of 
a wider area, hyalinization of the newly formed fibrous 
tissue, mucoid degeneration of the foam cells, relative 
reduction in the depth of the media and marked hyper- 
plasia and fibrosis of the external elastica and adven- 
titia (4 degrees). These four degrees of pathologic 
changes were evident when the photomicrographs of 
the lesions (fig. 6B, C, D and E) were compared with 
one of the aorta of a control animal (fig. 6 A). 


Of 40 cholesterol-fed rabbits, 22 (55 per cent) pre- 
sented various degrees of atherosclerosis. Among these 
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POLLAK—EXPERIMENTAL ATHEROSCLEROSIS 


there were 12 male and 10 female animals. In one half 
of the rabbits sclerotic lesions developed in only one 
location, mostly in the aorta, frequently in the coronary 
vessels, less often in the renal or the carotid arteries. 
The other half of the animals had atheromatosis of 
several of the branches of the vascular tree. In this 
group the aorta and the carotid arteries were almost 
always involved. The degree of atherosclerosis in- 
creased with the extent and the multiplicity of the 
lesions. The aorta and the carotid arteries were affected 
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cholesterol per hundred cubic centimeters of blood. 
There were 5 animals (12 per cent) with blood choles- 
terol values of 788, 795, 846, 870 and 900 mg. per 
hundred cubic centimeters, which did not show the 
slightest sign of atherosclerosis on microscopic exami- 
nation of all organs. These rabbits belonged to group 
C, C, D, C and D, respectively. 

The accompanying table shows the presence and the 
degree of atherosclerotic changes in the four groups of 
rabbits (A, B, C and D). 
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Fig. 4—Blood cholesterol curves of group D: 
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Fig. 5—Summary of blood cholesterol values for groups A, B, C and D: 
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twice as frequently as the coronary or the renal vessels. 
In two thirds of all animals with sclerotic lesions the 
aorta showed microscopic changes. However, only 4 
rabbits presented gross evidence of atherosclerosis in 
the form of yellow streaks and elevated patches in the 
descending aorta. 

The first evidence of atherosclerosis was found in a 
rabbit of group A whose maximum blood cholesterol 
value was 300 mg. per hundred cubic centimeters. The 
highest degree of atherosclerosis visible at gross in- 
spection was found in rabbits with blood cholesterol 
levels of 615, 846, 1,200 and 1,215 mg. per hundred 
cubic centimeters. These animals belonged to groups B, 
C, D and D, respectively. The single rabbit with 
absolute maximal lesions was the one with 615 mg. of 
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Response of Rabbits to Cholesterol Feeding 











Rabbits with 

Response Rabbits Showing Athero- 

Total ———~+————._ sclerosis of Given Degree 
No.of Nega- Posi- -— nN ~ 

Group Rabbits tive tive 1° > 3° 4° 
A 7 5 2 2 0 0 0 

B 14 5 9 2 3 3 1 

Cc a q 6 1 3 0 1 

D 10 4 6 1 1 2 2 
Totals 40 18 22 6 7 5 4 





The number of rabbits in which atherosclerosis de- 
veloped was small only in group A. The degree of the 
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Fig. 6.—A, normal aorta (control). B, C, D and E, degrees 1, 2, 3 and 4 of experimental atherosclerosis of 
the aorta. Fixation in solution of formaldehyde; rapid trichrome stain; 120. 
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lesions was moderate. This group of animals had a 
temporary and slight increase of the blood cholesterol. 
The rabbits of the other groups (B, C and D) showed 
a more uniform reaction as to presence and degree of 
atherosclerosis, although the slope of the three curves 
; was different, that is, slowly ascending with a low 
maximum in B, steeper and much higher in C and D. 


ae 
COMMENT 

There are individual responses of rabbits to 
cholesterol feeding. This is obvious from the 
distinct types of curves of the blood cholesterol 
values and from the maximum elevations of 
+ these curves. 

While controis maintain a 
cholesterol level, rabbits fed cholesterol show 
hypercholesteremia. The degree of this condi- 
tion depends on the individual response of the 
rabbit rather than on the amount of cholesterol 
. ingested, since animals fed the same amount of 

cholesterol react differently. 


constant blood 


The fact that only a small percentage of 
animals in group A of the series presented 
atherosclerotic lesions can be interpreted from 

- the type of curve. An explanation of the ab- 
sence of atherosclerosis in some animals of the 
other groups (B, C and D) and especially in 
some rabbits whose blood cholesterol reached 
high levels is rather difficult. One has to assume 
that there are considerable differences in the 
ability of animals to metabolize cholesterol and 
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that this quality is responsible for the variability 
of the length of time of the latent period. There 
is a probability that a number of the cholesterol- 
fed rabbits which did not respond with athero- 
sclerosis would have shown lesions on continua- 
tion of the experiment. 
The degree of atherosclerosis, although sur- 
prisingly high in some animals with relatively 
low blood cholesterol values, is on the whole 
parallel with the degree of hypercholesteremia 
and indirectly related to the amount of ingested 
cholesterol. 
CONCLUSIONS 
Feeding of cholesterol to rabbits causes tem- 
porary or permanent hypercholesteremia of a 
varying degree. The type of reaction depends 
on the individual ability to metabolize cholesterol. 
The more cholesterol ingested the greater is the 
probability of hypercholesteremia. 
Hypercholesteremia is not necessarily followed 
by atherosclerosis, as the threshold for cho- 
lesterol of the rabbits differs from one animal 
to another. The higher the blood cholesterol 
value the more likely it is that atherosclerosis 
will develop. 
Once the defense mechanism is broken and 
atherosclerosis develops, the degree and the 
extensiveness of the process will increase with 
the rise of the blood cholesterol level. 
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Experimental production of cholesterol athero- 
sclerosis in rabbits has been frequently reported. 
The vast majority of investigators enumerate 
many different sites of sclerotic lesions but fail to 
mention the cerebral vessels.1 The few authors 
who describe the cerebral arteries point out the 
absence of atherosclerosis.” 


The goal of the present study was to produce 
atherosclerosis in the cerebral vessels of choles- 
terol-fed rabbits by impairment of the cerebral 
circulation. 


The setup of the experiments is shown in the accom- 
panying table. 

Group A were controls for the entire series of rabbits. 
No operations were performed on, and no injections 
were given to, these animals. As in the other groups, 
4 rabbits were fed cholesterol and 2 were not. The 
animals of group B had both internal carotid arteries 
permanently constricted by ligation. Group C consisted 
of rabbits which had both jugular veins ligated. The 
rabbits of group D had the left internal carotid artery 
and the right jugular vein tied. 

The carotid arteries were tied just above their origin 
and the jugular veins at the level of the thyroid gland. 
All ligations were performed one week before the choles- 


Outline of Experiments 








Group Ligations * Substance Injected 
A ou 
B AA 
c VV 
D AV 
E siswre Epinephrine hydrochloride 
F AA Epinephrine hydrochloride 
G AV Epinephrine hydrochloride 


H = Histamine phosphate 
. Histamine phosphate 
Histamine phosphate 


>> 
<> 


Rabbits Receiving Cholestero! in Given Amount Total 
— — ——__~—__—- ——, Number of 
0Gm. 30 Gm. 40 Gm. 50 Gm. Rabbits 
2 1 1 2 6 
2 1 1 2 6 
2 1 1 2 6 
2 1 1 2 6 
2 l 1 2 6 
2 l 1 2 6 
2 l 1 2 6 
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* AA indicates that both carotid arteries were tied; V V that 


and the right jugular vein were tied 


MATERIAL AND METHODS 


Each of 40 rabbits was fed daily 0.5 Gm. of choles- 
terol in a gelatin capsule? and 20 rabbits served as 
controls. The animals were kept on a diet of fresh 
vegetables. Of the cholesterol-fed rabbits, 10 received 
30 Gm. in sixty days, 10 others 40 Gm. in eighty days 
and 20 50 Gm. in one hundred days. The animals 
were killed after the termination of their feeding period; 
the controls, at the end of the experiment. There were 
equal numbers of males and females in both groups. 


From the Research Division of the Taunton State 
Hospital. 

This work was aided by a grant from the Depart- 
ment of Mental Health of the Commonwealth of Massa- 
chusetts, for research in arteriosclerosis. The paper is 
the second of the series. 

1. Schoenheimer, R.: Virchows Arch. f. path. Anat. 
249:1, 1924. Leary, T.: Arch. Path. 17:453, 1934. 

2. Cowdry, E. V.: Arteriosclerosis: A Survey of 
the Problem, New York, The Macmillan Company, 
1933, pp. 305-306. Duff, G. L.: Arch. Path. 22:161, 
1936. 


3. Pollak, O. J.: 


Arch. Path. 37:337, 1944. 


both jugular veins were tied; A V that the left carotid artery 


terol feeding started. There was a high mortality 
following operation on both arteries. The animals died 
from convulsive shock immediately after the arteries 
were ligated. No death resulted from any other type 
of operation. 

Each animal in groups E, F and G received a total 
of 2.56 mg. of epinephrine hydrochloride in a 1: 1,000 
solution. Intravascular injections were given above the 
ligatures weekly during the last seven weeks of the 
experimental period. The individual doses increased 
gradually from 3 to 9 minims (0.18 to 0.55 cc.) per 
injection. The animals in group E were given only 
epinephrine hydrochloride. Group F rabbits received 
injections and had both carotid arteries tied, and group 
G rabbits had one artery and one vein ligated. 

The animals in groups H, I and J were treated in 
every respect the same way as the rabbits in the pre- 
vious 3 groups (E, F, G) with the exception that they 
were given injections of histamine phosphate instead 
of epinephrine hydrochloride. 


CLINICAL OBSERVATIONS 


The body weights and temperatures of the rabbits 
were recorded weekly; their behavior was constantly 
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Fig. 1—A and B, atherosclerosis of the carotid artery (x 60): A, below ligature; B, above ligature. C, 
. and D, response of large cerebral vessels to ligation (basilary artery; x 220): A, control animal (no ligation) ; 
B, widening of the vessel, with stretching and thickening of the internal elastica, after ligation of the left carotid 
artery and the right juglar vein. Fixation in solution of formaldehyde; rapid trichrome stain. 
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watched, and shortly before their death the eyegrounds 
were examined. 

Half of all animals gradually lost weight, mainly 
those with operations on blood vessels. The weights 
of the other half remained constant or increased. In 
rabbits which were not fed cholesterol a gain of weight 
was more common. The rectal temperatures ranged 
between 101.1 and 103 F. The rabbits readily ingested 
their food and the cholesterol. Some animals were 
resistive at first, but once they learned to devour the 
capsules with cholesterol, no further difficulties were 
encountered. The rabbits displayed no obvious ab- 
normal behavior in their cages. The rabbits with liga- 
tions of arteries were first excited and later dull, 
probably because of a temporary circulatory distur- 
bance. The animals became alert when some one en- 
tered the room, and several snapped at the attendant 
while he fed them. The cholesterol-fed rabbits lost 
interest in sex: Animals of opposite sex placed in the 
same cage did not approach each other. The exami- 
nation of the eyeground did not yield any positive 
observations on retinal vessels. 





Fig. 2.—Response of small cerebral vessels to ligature (intracerebellar artery; 
(no ligation) ; B, dilatation and hypertrophy of the vessel, 
ligation of the left carotid artery and the right jugular vein. 


trichrome stain. 


Estimations of the cholesterol and the calcium in the 
blood were made weekly for all animals. The average 
initial blood cholesterol level was 135 mg. per hundred 
cubic centimeters. During the observation period of 
fifteen weeks, this value gradually increased to the 
average maximum level of 700 mg. per hundred cubic 
centimeters. A study of the individual responses of 
rabbits to cholesterol feeding was elsewhere reported. 
The normal blood calcium range was between 12 and 17 
mg. per hundred cubic centimeters, with an average 
value of 15.47 mg. The serum calcium was estimated 
by De Waard’s method.* It remained within normal 
limits throughout the entire experiment. A drop of 
blood calcium in some of the rabbits given injections 
of epinephrine hydrochloride was not consistent and 
remained within normal limits. Neither the operations 
nor the injections influenced the chemical composition 


of the blood. 


POSTMORTEM OBSERVATIONS 


All organs and vessels were studied grossly and 
microscopically. The vessels of the neck were ex- 


4. De Waard, D. J.: Biochem. Ztschr. 97:186, 1919. 
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amined below and above the ligatures. Sections of the 
brains were prepared in such manner as to allow obser- 
vations of all parts of the brain and all the branches 
of the vascular tree. Sections were stained with hema- 
toxylin and eosin, Weigert’s stain for elastic tissue, 
Pollak’s trichrome stain and Nissl’s stain for nerve 
cells. 

The observations largely support the views of Leary °® 
against other theories® of atherosclerosis. Of the 
cholesterol-fed rabbits, 52 per cent had atherosclerotic 
lesions in various locations. Typical patches were visible 
in the thoracic aorta in 4 rabbits. Microscopically, in- 
volvement of the aorta was observed in 14 animals. 
Sclerotic lesions were seen in the carotid arteries of 
10 rabbits, in the coronary arteries of 7 and in the 
renal arteries of 6. Occasionally the arteries of the 
spleen, the lung, the pancreas and the testicle showed 
initial sclerosis. The degree of atherosclerosis advanced 
with the multiplicity of lesions. 

With the exception of the ligation of carotid arteries, 
the operations and the injections did not influence the 
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<x 1,000): A, 
edema of the wall and 


control animal 
perivascular edema after 
Fixation in solution of formaldehyde; rapid 


localization, the degree or the extent of atherosclerotic 
lesions. In rabbits with the carotid arteries ligated, 
atherosclerosis of these vessels was three times as fre- 
quent as in animals without such ligatures; likewise, 
the degree of atherosclerosis was far more severe. 

Various stages of atherosclerosis were encountered: 
foam cell accumulation in the subendothelial layer of the 
intima, fibrosis of this layer, thickening of the intimal 
endothelium proper, hyaline changes of the fibrotic tis- 
sue, splitting of the internal elastica and secondary 
hypertrophy of the whole arterial wall. 

In the rabbits with ligations the vessels of the neck 
showed dilatation and hypertrophy proximal to the ob- 





5. Leary, T.: Arch. Path. 32:507, 1941; 37:16, 
1944. 

6. Moon, V. H.: Arch. Path. 3:404, 1927. Winter- 
nitz, M. C.; Thomas, R. M., and LeCompte, P. M.: 


The Biology of Arteriosclerosis, Springfield, IIL, 
Charles C Thomas, Publisher, 1938. Page, I. H.: Ann. 
Int. Med. 14:1741, 1941. Moschcowitz, E.: Vascular 
Sclerosis with Special Reference to Arteriosclerosis, 
New York, Oxford University Press, 1942. 
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POLLAK—EXPERIMENTS ON 
struction and atrophy and thrombosis distal to it. Owing 
to this fact, there was a striking difference in type 
between the atherosclerosis in the carotid arteries proxi- 
mal to the ligations and that above the ligatures or in 


Fig. 3.—A, recanalization of a ligated carotid artery; x 110. 
aiter ligation of the left carotid artery and of the right jugular vein; 
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tension. In the ligated carotid arteries the process 
hardly advanced beyond the accumulation of foam cells 
and the initial thickening of the endothelium. The 
organization started late, after the foam cell layer spread 


B, aneurysmatic bulging of the basilary artery 
x 220. C, cerebral softening and 


beginning of formation of a glial scar after ligation of both carotid arteries; x 220. Fixation in solution of for- 


maldehyde; rapid trichrome stain. 


any of the other vessels (fig. 1 A and B). All stages 
of atherosclerosis were observed in untouched arteries. 
In these the organization of the foam cell layer started 
early and before the plaque reached its maximum ex- 


along the whole circumference of the vessel and nar- 
rowed the lumen. The external layers of the vessel 
were narrow, stretched. This observation confirmed 
the theory that local mechanical stress or an obstacle 
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is an important factor in the localization and the de- 
cisive factor in the degree of the atherosclerotic lesion." 

The livers and the adrenal glands of the majority 
of the cholesterol-fed rabbits were grossly enlarged and 
displayed microscopically intracellular cholesterol stor- 
age and lymphatic blockade. Beginning periportal 
fibrosis was visible in some slides. All cortical layers 
of the adrenal glands were equally involved. The kid- 
neys of many rabbits showed microscopically chronic 
nephritis. Examination of the other organs did not 
reveal any changes. 

None of the cholesterol-fed rabbits revealed any 
«changes in the cerebral vessels which could be attrib- 
uted to atherosclerosis. Rabbits with ligated carotid 
arteries had marked hypertrophy of all cerebral arteries, 
mainly of the internal elastic layer (fig. 1C and D). 
Sometimes there was splitting of the elastica of the 
basilary artery and of that of the anterior cerebral 
arteries, while all vessels showed thickening of this 
layer. In rabbits with both jugular veins ligated there 
were dilatation of meningeal and cerebral veins and 
hypertrophy of arteries. In animals in which one 
carotid artery and one jugular vein were tied, these 
reactive changes of the cerebral vessels were as con- 
sistent and always as severe as in the first two groups 
of animals. The small arteries of the cortex as well as 
of the white matter were equally involved. Dilated 
and thick-walled small arteries were seen in all parts 
of the brain (fig. 2A and B). All these abnormali- 
ties were as frequent and as extensive in the controls 
as in cholesterol-fed animals with analogous ligations. 

Three rabbits presented unusual alterations: In only 
1 animal was there new formation of capillaries in the 
fibrotic wall of a ligated carotid artery with reestab- 
lished circulation (fig. 3A). In another rabbit there 
was an aneurysmatic bulging of the dilated and thin- 
walled basilary artery without any signs of arterio- 
sclerosis in this or any other vessel (fig. 3B). <A third 
rabbit showed a microscopic area of softening with 
central destruction and peripheral infiltration located in 
the base of the right temporal lobe (fig. 3C). All these 
animals were fed cholesterol, and all had one or two 
ligated carotid arteries. 

Rabbits given injections of epinephrine hydrochloride 
or of histamine phosphate did not show anything dif- 
ferent from other animals of the series. The cerebral 
vascular changes were solely due to ligations of the large 
vessels of the neck. There was no difference in regard 
to degree or localization of atherosclerotic or other 
changes. 


COMMENT 


The dependence of the intravascular tension in 
the cerebral vessels on the systemic blood pres- 
sure has been affirmed by some authors * and de- 
nied by others ® who claimed the existence of a 
specific control mechanism of the cerebral ves- 

7. Dill, L. V., and Isenhour, C. E.: Arch. Path. 
33 :655, 1942. Wilnes, S. L.: Am. J. Path. 18:63, 1942. 

8. Gaertner, G., and Wagner, J.: Wien. med. 
Wehnschr. 37:601, 1887. 

9. Forbes, H. S.: Arch. Neurol. & Psychiat. 19: 
751, 1928. Ask-Upmark, E.: Acta psychiat. et neurol., 
1935, supp. 6, p. 1. 


sels. The possibility of impairment of the cere- 
bral blood flow by ligations of both carotid 
arteries or both jugular veins was the basis of the 
major part of the experiments reported here. 

A number of experimental animals in which 
both carotid arteries were ligated the same day 
were capable of vascular compensation through 
dilatation of the vertebral arteries, the circle of 
Willis and its branches. The opening of formerly 
closed capillaries*® prevented the maintenance 
of the cerebral ischemia. None of the character- 
istic changes of cerebral anemia were observed 
in sections. The vasospasm probably reduced the 
blood flow. Sudden stenosis of both jugular 
veins would increase the tension, which then 
would be transmitted backward through the 
capillary bed.*‘ The ligation of one carotid 
artery and one jugular vein was meant to disturb 
the equilibrium of the cerebral circulation. The 
observations on large and small cerebral vessels 
after all three types of ligations proved that a 
disturbance occurred. The alterations were con- 
sistent with the changes described in hyperten- 
sion. They were due to an impairment of the 
rate of the blood flow and a change of the intra- 
vascular tension. 

The increase in vascular resistance was insuf- 
ficient to transform the cerebral vessels into a 
locus minoris resistentiae for the deposit of 
cholesterol. To achieve this, other means should 
be tried, such as compression, edema, destruction 
of the capillary bed or diminution of the brain 
volume by chronic disease or by adhesive menin- 
gitis. 

Epinephrine hydrochloride injected into the 
carotid arteries should decrease the cerebral 
circulation by causing contraction of the arteries. 
The drug would act as a direct irritant of the 
arteries, and the increased blood pressure would 
be a supporting factor. Histamine phosphate 
similarly injected should increase the circula- 
tion by causing relaxation of the arteries, with 
slowing of the blood flow and lowering of the 
blood pressure. Both epinephrine and histamine 
disturb the nourishment of the vessels by com- 
pression of the vasa vasorum and by impairment 
of the oxygen consumption.’? More severe 
changes in the cerebral vessels were expected 


10. Sjéstrand, T.: Skandinav. Arch. f. Physiol. 68: 
160, 1934; (supp.) 74:1, 1935. 

11. Roy, C. S., and Sherrington, C. S.: 
11:85, 1890. Hill, L.: 


J. Physiol 
The Physiology and Pathology 


of the Cerebral Circulation: An Experimental Re- 


search, London, J. & A. Churchill, 1896, pp. 73-74. 

12. Biedl, A., and Reiner, M.: Arch. f. d. ges. 
Physiol. 73:385, 1897; 79:158, 1900. Hueper, W. C.: 
Medicine 20:397, 1941. 
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from a combination of ligations and injections of 
these drugs. 

The fact that in the experiments epinephrine 
and histamine had no morphologically visible 
effect and did not enhance the changes caused by 
ligatures cannot be held decisive. There is a 
possibility that the doses were too small and the 
experimental period too short. Intermittent use 
of constricting and dilating drugs should also be 
tried. 

CONCLUSIONS 

Atherosclerosis generalized except for the 

cerebral vessels developed in cholesterol-fed 
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rabbits. Control animals, not fed cholesterol, 
did not show atherosclerosis. 

Ligations of both carotid arteries, of both jugu- 
lar veins or of one artery and one vein were 
followed by changes in the cerebral vessels in 
both the cholesterol-fed and the control animals. 
These changes were not atherosclerotic but 
hypertensive. 

Injections of epinephrine hydrochloride and 
of histamine phosphate had no visible effect on 
the cerebral vessels nor did they alter the changes 
which were due to ligations of vessels. They did 
not influence the atherosclerotic lesions in any 
way. 
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Among the many organs and tissues of the 
body affected with melanoma, the small intes- 
tine has received hardly more than a passing 
comment, particularly in current textbooks of 
Thus Ewing * stated that “melanoma 
of the intestine, occurring almost exclusively in 
the rectum has been described in isolated 
reports by various observers.” Boyd * remarked 
that “the pia mater, the adrenal, and the intes- 
tine, especially the rectum, may be the site of 
the primary tumor.” Karsner * said that “mela- 
has been reported as a rare 


pathology. 


noma 
occurrence in the small intestine” and that “mela- 
notic tumors are likely to show metas- 
the MacCallum * 
dismissed the subject by saying that nevi are 
not essential for the starting of melanoma be- 
cause “quite similar tumors” 
in the intestine. 
noma of the small bowel is not even mentioned 
in the textbooks of 


tases in intestinal canal.”’ 


are found, among 


other organs, Finally, mela- 


Sell® and Anderson.°® 
That the subject is of more than passing 
interest is attested by the increasing number of 
reports in recent medical literature. In a 
view of the latter we have been able to collect 
25 pertinent cases. In 9 the melanoma of the 
small intestine was reported as primary ‘ 
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and 
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New 
(b) Cox, H. H., 


in 16 as metastatic.* Although we may have 
missed a few since some of the 25 cases were 
described under titles not suggesting such a 
tumor, the still rather scanty number recorded 
in the literature indicates either that many ob- 
served cases have not been reported or that 
involvement of the small intestine is not com- 
mon. In reports on large series of cases of 
melanoma arising in the skin, the small intes- 
tine is infrequently mentioned. Adair,’ in a 
study of 400 cases, said nothing of the intestine 
except that primary malanoma can arise in this 
organ. Plewes** reviewed 97 mela- 
noma and described 1 case with widespread 
metastasis in which there was also one nodule 
in the jejunum. In studies by Greenblatt, Pund 
and Bernard,'® Daland and Holmes,** De Chol- 
noky,'*? and Howes and Birnkrant ' 
ment of the small intestine 
mented on. 


cases of 


involve- 


was not com- 


In searching the literature under headings 
mentioning tumors of the small bowel we noted 
that there are only few remarks on melanoma. 
It was not mentioned in a summary of the litera- 
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ture by Nickerson and Williams ** in 1937 or 
in one by Frank, Miller and Bell* in 1942. 
Neither was melanoma mentioned in a study of 
22 cases of malignant tumor of the small bowel 
reported by Medinger *® or in 8 cases encoun- 
tered in 2,252 autopsies reported by Chant.’ 
Morrison and Donath,”" however, recorded 2 
cases of melanoma among 45 cases of tumor 
encountered in 25,621 autopsies. In reference 
to tumor of the small intestine causing intus- 
susception, Fische “* described a case of mela- 
noma, but neither in Wangensteen’s ** book on 
intestinal obstructions nor in the textbooks of 
pathology previously referred to is melanoma 
included in a list of tumors responsible for this 
complication. 


mary tumor of the small bowel or whether such 
a growth is in every case secondary to a primary 
focus elsewhere. The cases described were 
among 12 cases of melanoma encountered in 
the last 5,000 necropsies at the Jefferson Medi- 
cal College Hospital. 


REPORT OF CASES 


Case 1.—A white man 22 years of age was admitted 
with complaints of cough and expectoration, pains in 
the head, chest and stomach, and loss of 14 pounds 
(6.4 Kg.), all occurring in the course of one month. 
About a year before admission there was a gradual 
onset of a mental change consisting of irritability, 
speech difficulty and impairment of intellect. On sev- 
eral occasions before the onset of any symptoms he 
attempted to remove a mole from his chest with a 





Fig. 1 (case 1).—A, segment of the small intestmme showing at least twenty-two blackish tumors of various 


shapes and sizes. 


B, photomicrograph of a section of the small intestine showing tumor cells diffusely infiltrating 
the submucosa, breaking through the submuscular mucosa and partially replacing the mucosa. 


Although finely 


granular brown pigment is abundant within the cytoplasm of the tumor cells, it cannot be seen with this magnifica- 


tion. Hematoxylin and eosin; * 75. 


It is the purpose of this presentation (1) to 
describe 5 cases of melanoma of the small in- 
testine, (2) to draw special attention to the 


accompanying clinical manifestations and (3) to 
consider whether melanoma can arise as a pri- 
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Path. 13:53, 1937. 

15. Frank, L. W.; Miller, A. J., 
Ann. Surg. 115:544, 1942. 

16. Medinger, F. G.: Surg., Gynec. & Obst. 69:299, 
1939. 

17. Chont, L. K.: Radiology 36:86, 1941. 

18. Wangensteen, O. H.: 


and Williams, R. H.: Am. J. 


and Bell, J. C.: 


Intestinal Obstructions, ed. 
2, Springfield, Ill., Charles C Thomas, Publisher, 1942, 
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razor. Examination disclosed a pigmented nevus 2 cm. 
in diameter over the right sixth rib in the midaxillary 
line, enlarged lymph nodes in the right axilla and 
bilateral papilledema. Both the mole and the axillary 
lymph nodes were excised for study. His condition 
became progressively worse, and he died one month 
after admission. 

Necropsy—The body was somewhat emaciated. In 
the right midaxillary line the skin disclosed two recently 
healed surgical scars, each 5 cm. long. One was at 
the base of the axilla and the other at the level of 
the sixth rib. There were no cutaneous moles or sub- 
cutaneous nodules. 

In the midportion on the small intestine there was 
an intussusception 12 cm. long. The opposing serosal 
surfaces were hemorrhagic, covered with fibrinous 
exudate and loosely adherent to each other. The bowel 
proximal to the invagination was dilated to a diameter 
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of 8 cm., while distally it was completely collapsed. 
At the apex of the intussusception there was a polypoid 
tumor mass 3 cm. across and 1 cm. thick, which was 
attached to the mucosa by a pedicle 1.5 cm. in diameter. 
In the mucosa and the submucosa of the entire small 
bowel both proximal and distal to the intussusception 
there were 150 rather firm tumor nodules measuring 
from 0.1 cm. to 3 cm. in diameter (fig. 14). Their 
color varied from pinkish gray to dark brown or black. 
Some possessed thin or broad pedicles, but others were 
entirely submucosal, and none penetrated the deeper 
layers of the bowel. Most of them were superficially 
ulcerated. Tumor nodules were not found in the large 
intestine or in the stomach. 

The mesentery contained a few enlarged hemorrhagic 
to black nodes of cancer tissue, measuring 1.5 cm. in 
diameter. In the pancreas there were three gray to 
black tumor masses measuring as much as 3 cm. in 
diameter, and a single similar nodule was found in the 


- 


there is a tumor mass. 


lateral and basilar portion of the upper lobe of the 
right lung. The remaining thoracic and abdominal 
organs, including the adrenal glands and the liver, 
were normal. 

The brain weighed, 1,560 Gm. The cerebral hemi- 
spheres were enlarged but symmetric. The medial and 
posterior portions of each frontal lobe contained a small 
bulge which on section disclosed gray to black tumor 
masses measuring as much as 2.5 cm. in diameter. There 
were other smaller nodules in each cerebral hemisphere 
and one in the pineal gland. The were not 
examined. 

Microscopic sections of the surgically removed nevus 
disclosed an intact epidermis with well developed pegs 
and considerable pigment in the basal cell layer. The 
outer third of the dermis was completely infiltrated 
with two types of cells, arranged singly, in cords, in 
sheets and in a few areas in whorls. Most of the cells 
were uniformly stained and were regular in shape and 
size. They were either round with a moderate amount 
of pale cytoplasm and round nuclei or oval to spindle 
shaped with scanty cytoplasm and spindle-shaped evenly 
stained nuclei. Occasionally there were more deeply 


eyes 


Fig. 2 (case 2).—A section of the small intestine showing intussusception. 


PATHOLOGY 


stained nuclei, and even more sparsely dispersed were a 
few cells containing two piled-up nuclei. Mitosis was 
not seen. Brown pigment was irregularly scattered 
throughout the cells. 

Sections of the surgically removed axillary lymph 
nodes disclosed almost complete replacement of the 
nodes with tumor nodules. The smaller, apparently 
more recent nodules consisted of masses of anaplastic 
cells with either a diffuse arrangement or a tendency 
to whorl formation. The cells showed variation in 
shape and size. The cytoplasm was abundant and deep 
pink. The nuclei were irregular and hyperchromatic. 
Frequently there were large bizarre giant cells with 
abundant cytoplasm and single or many irregularly 
shaped hyperchromatic nuclei. These nodules of tumor 
cells were surrounded peripherally with varied amounts 
of fibrous tissue. There were other nodules in which 
the fibrous tissue was more abundant and the tumor 
cells fewer, and still others consisting almost entirely 





At the apex of the intussusceptum 


of fibrous tissue. Deep brown pigment was abundant in 
all sections, both free and within cells. 

Microscopic sections of the nodules from the lung, 
the pancreas, the mesenteric lymph nodes, the intestine 
and the brain were essentially similar, and all re- 
sembled those of the axillary nodes just described. In 
addition to the large cells with abundant pink cyto- 
plasm seen almost exclusively in the axillary nodes, 
many of the sections obtained at autopsy showed masses 
of spindle cells with abundant elongated cytoplasm and 
hyperchromatic spindle-shaped nuclei. Brown pigment, 
which failed to take a stain for iron, was scanty in 
some areas while in others it was extreme, obliterating 
the underlying cells. Fibrous tissue proliferation was 
minimal, but capillaries engorged with erythrocytes 
were prominent. In the intestine, although the smaller 
tumors were located entirely within the submucosa, 
their relation to the capillaries or to the lymph channels 
could not be determined. The larger tumors penetrated 
the submuscular mucosa, infiltrated and destroyed the 
mucosa and gave rise to irregular ulcers on the surface 
(fig. 1B). Sections of the bowel wall made through the 
intussusception showed diffuse hemorrhagic infarction. 
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Case 2.—A 50 year old white man was admitted with 
the following complaints of a year’s duration: dull pains 
and noises in the abdomen; loss of appetite with spells 
of vomiting; constipation; sciatica; a mass in the lower 
part of the abdomen on the right side, and loss of 
about 70 pounds (32 Kg.) in weight. Examination 
disclosed emaciation, borborygmi, a movable mass in 
the right side of the abdomen and a nonmovable mass 
over the left sixth rib anteriorly. He died two weeks 
after admission. 


Necropsy.—The body was poorly nourished. There 
were two subcutaneous tumor masses on the left side 
of the thorax. One measured 8 cm. in diameter and 
was located at the level of the costochondral junction 
of the sixth rib; the other was 3 cm. in diameter and 
situated at the level of the seventh rib in the midaxillary 
line. A third tumor mass, measuring 12 cm. across, 
was firmly embedded in the abdominal wall of the right 
upper quadrant. Each mass was firm and on section 
light gray. 

The peritoneal cavity contained about 800 cc. of 
turbid watery exudate. About 10 cm. proximal to the 
ileocecal valve there was an intussusception 20 cm. 
long. The midportion of the intussuscipiens contained 
at the attachment of the mesentery a perforation measur- 
ing 5 cm. in diameter. Through this protruded a 
portion of the intussusceptum. It was deep red and 
cyanotic and had at its apex a pedunculated tumor 
mass 3 cm. in diameter. The opposing serosal surfaces 
of the invaginated bowel were covered with fibrinous 
exudate. The entire portion of the small intestine 
above the intussusception was greatly distended; that 
below the obstruction, along with the large intestine, 
was completely collapsed. In the jejunum and the 
proximal portion of the ileum the mucosa and the sub- 
mucosa presented many tumor masses varying from 
1.5 to 7 cm. in diameter. Some were attached by broad 
pedicles, others by more elongated pedicles, while still 
others were sessile. Some were superficially ulcerated, 
and on section all were pinkish gray. In the mesentery 
there were numerous masses, 2.5 cm. in diameter, also 
composed of firm pinkish gray tumor tissue. 


The right adrenal gland was completely replaced 
with a tumor measuring 15 cm. by 10 cm. It was well 
encapsulated and easily separated from the liver, the 
inferior vena cava and the kidney. The cut surface 
disclosed an external rim of firm dark gray tissue 2 cm. 
thick, enclosing a central mass of friable reddish brown 
tissue. One pole of the left adrenal gland contained 
a nodule of gray tumor tissue 1.5 cm. in diameter. 
Similar nodules were found in the kidneys, the lungs 


and the body of the fifth lumbar vertebra. Permission 
to examine the head was not granted. 
Many sections from the tumor masses described 


showed a similar histologic picture. The cells were 
arranged diffusely, in strands, in whorls and occasionally 
around blood capillaries. They varied remarkably in 
shape and size. While most were polygonal, a few 
were definitely elongated or spindle shaped, and there 
were many grades between these two extremes. The 
cell borders were distinct, and the cytoplasm was always 
stained deep pink and abundant. The nuclei were of all 
shapes and sizes, but most often they were large. They 
showed marked hyperchromatism and only scattered 
mitoses. Throughout the sections were varied numbers 
of giant cells with abundant cytoplasm and several piled 
up, deeply stained nuclei. Brown pigment was seen in 
only a few cells. Capillaries were not abundant. 
Frequently in the larger tumors there were extensive 
areas of necrosis. In the intestine the smaller nodules 


were in the submucosa, but as they increased in size 
both the mucosa and the muscle coats were infiltrated. 
In sections of the adrenal glands the tumor cells in- 
filtrated between the cortical cells, but no transition 
from one to the other could be demonstrated. 

Case 3.—A white man 63 years old stated that eleven 
months previously a mole was removed from the right 
side of his neck because it bled occasionally and was 
increasing in size. Two months before admission 
“moles” began to appear on the face, the neck, the 
hands and the legs, and about the same time he began 
to have increasing epigastric pain. Examination showed 
many subcutaneous nodules over the entire body and an 
enlarged liver. He died three weeks after admission. 

Necropsy—The body was somewhat emaciated. 
Throughout the entire subcutaneous tissue there were 
numerous tumor nodules measuring as much as 3 cm. 
in diameter. Some were round, others were flat, and 
their color varied from brown to black. The mucosa 
and the submucosa of the entire small intestine con- 
tained numerous black tumor nodules varying in size 
from that of a pinhead to 0.5 cm. None was found 
in the esophagus, the stomach or the large intestine. 
Each adrenal gland weighed 40 Gm. and measured 
7 by 4.5 by 1.5 cm. Sections disclosed them completely 
replaced with soft brown to black tumor tissue. Black 
circumscribed tumors measuring as much as 3 cm. 
across were also present in the mesenteric lymph nodes, 
the omentum, the peritoneum, the pancreas, the liver, 
the kidneys, the heart, the base of the left lung and the 
left testicle. There was no metastasis to the brain or 
the liver. 

Microscopic sections of the tumors disclosed a uni- 
form picture. In most of the sections deep brown 
pigment was so abundant that the underiying neo- 
plastic cells could scarcely be seen. In areas where 
the pigment was less abundant the cells were zrranged 
in sheets or cords or more diffusely. They were either 
round or polygonal and rather uniform in size. The 
cell outlines were not always distinct, but the cyto- 
plasm was stained deep pink and often was filled with 
brown granules. The nuclei were round, evenly stained 
and uniform. There were no giant cells. In the 
intestine, as in the preceding cases, the tumors were 
primarily in the submucosa, but as their size increased 
both the mucosa and the muscle coats were invaded. 
The relationship of the submucosal blood vessels and 
lacteals to the tumors could not be determined from a 
study of the available sections. 

Case 4.—A white man 67 years old said that two 
years previously a pimple on his right cheek was 
squeezed and subsequently repeatedly irritated while 
shaving. It steadily increased in size. In the past few 
months he noticed lumps appearing over his body, 
began to have pains in the joints and lost about 40 
pounds (18 Kg.) in weight. Years ago as a result of 
a trauma he lost an eye, and thirty years previously 
he had a mixed tumor of the right parotid gland which 
was removed surgically. Examination disclosed an 
ulcerating tumor of the right cheek, measuring 3 cm. 
in diameter, many subcutaneous nodules scattered over 
the entire body, and a swelling of the lower end of the 
right femur. He died a month after admission. 

Necropsy.—There was a foul-smelling ulcerated gray 
to black tumor in the skin of the right cheek, measuring 
2.5 by 1 cm. There were numerous nonulcerated tumor 
nodules in the subcutaneous tissue of the entire body 
measuring from 0.3 to 5.0 cm. in diameter. They were 
sharply circumscribed, freely movable, gray to black, 
and firm. There were five tumor masses in the mucosa 
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and the submucosa of the stomach, one in the duodenum, 
thirty-three in the small intestine and five in the large 
intestine. They measured from 0.2 cm. to 5.0 cm. in 
diameter and were pedunculated or sessile. Their apexes 
were convex or concave, and many showed superficial 
ulcerations. While most were limited to the mucosa and 
the submucosa, a few penetrated to the serosa. They 
were firm and on section pinkish gray to black. In 
the midportion of the small intestine there was an 
agonal intussusception, which disclosed a tumor at the 
apex of the invaginating bowel. The right adrenal 
gland measured 5 by 3 cm. and was completely re- 
placed with tumor tissue. The left one was normal. 
There was no metastasis to the liver, but tumors were 
present in the lymph nodes of the mesentery, along the 
abdominal aorta and the mediastinum, in the myo- 
cardium, the peritoneum, the pancreas, the right kidney, 
the right clavicle, the lower end of the right femur and 
the brain. 

Microscopic sections of a portion of the ulcerating 
tumor of the right cheek, removed surgically, together 
with many sections of the tumors removed at autopsy, 
showed a similar structure. The cells were arranged 
diffusely. They were round, oval or polygonal and 
contained an abundant amount of pink-staining cyto- 
plasm. The nuclei varied greatly in shape and size and 
showed marked hyperchromatism but no mitosis. There 
were scattered giant cells, each with several indistinct 
nuclei. The central portions of the larger neoplastic 
masses showed considerable necrosis. Brown pigment, 
both free and within cells, was scanty, but the dopa 
reaction on a portion of the tumor removed surgically 
from the right cheek was strongly positive. 

Case 5.—A 38 year old white man was admitted with 
the following symptoms, which started nine months 
previously: multiple nodules in the skin; pain in the 
epigastrium; occasional vomiting; constipation; loss 
of appetite; weakness, and loss of 33 pounds (15 Kg.) 
in weight. Examination disclosed numerous nodules in 
the skin over the head, the chest and the abdomen and 
an enlarged nodular liver. Bouts of vomiting and epi- 
gastric pain became increasingly severe until he died 
two months later. 

Necropsy.—In the skin and the subcutaneous tissues 
of the entire body there were numerous nodules varying 
from pinpoint size to 2 cm. in diameter. They were 
firm, sharply circumscribed, not ulcerated and on section 
gray except for a few that were distinctly brown. In 
the mucosa and the submucosa of the duodenum there 
were a “number” of gray firm tumor nodules 0.1 to 0.2 
cm. in diameter. The rest of the gastrointestinal tract 
was normal. Each adrenal gland was “enlarged” and on 
section disclosed within its substance numerous gray 
circumscribed tumor nodules. Similar nodules, some- 
times as much as 3 cm. in diameter, were found in the 
peritoneum, the pericardium, the myocardium, the lungs, 
the kidneys and the liver. There were no pigmented 
moles or scars in the skin and no tumors within the 
brain. 

Microscopic sections from all areas showed similar 
tumor tissue. The cells were diffusely arranged and 
were either relatively small, with indistinct cytoplasm 
and spindle-shaped nuclei, or large and polyhedral, 
with abundant, sharply circumscribed, deep pink-stain- 
ing cytoplasm and large, round or irregular hyper- 
chromatic nuclei. The larger cells frequently contained 
vacuoles. Mitosis was not seen. Brown pigment was 
usually scanty or absent, but in some of the nodules 
from the peritoneum it was abundant. Sections of the 
duodenum disclosed tumor nodules within both the sub- 
mucosa and the mucosa, causing ulceration of the latter 


OF 
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in several areas. In the adrenal gland tumor cells 
replaced the medulla and were also insinuated between 
the cells of the cortex. In some sections there appeared 
to be a gradation from normal adrenal tissue to tumor 
tissue, but usually the line of demarcation was distinct. 


COM MENT 


Clinically, melanoma of the small intestine is 
frequently accompanied by abdominal pain with 
or without other symptoms of intestinal ob- 
struction. In 14 of the 25 cases recorded in 
the literature there were varied combinations 
of pain and fulness in the epigastrium, nausea 
and vomiting, anorexia, constipation or diarrhea, 
tarry stools, distention and tenderness of the 
abdomen and increased peristalsis. These were 
also the signs and symptoms presented in the 
5 cases reported here. Sometimes, as in case 5, 
they may be attributed to tumor involvement 
of the liver, but in cases in which the liver 
shows no metastasis (for example, cases 1, 2, 3 
and 4), they are traceable to the intestine. This 
is particularly true in cases in which intussus- 
ception develops, as in cases 1 and 2 of this 
report, and in 8 of the 25 cases collected from 
the literature. 

Sometimes sudden colicky abdominal pain fol- 
lowed by nausea, vomiting and constipation is 
the first and only indication that something is 
amiss and requires prompt operation. The im- 
mediate prognosis is not always entirely hope- 
less because, although in the cases reported here 
the intestinal tumors were multiple and there 
were other evident metastases, in some of the 
cases reviewed there were only one or two 
tumors in the small bowel. There is a total 
of 4 cases in which the patient was said to have 
recovered after operation. One of these was 
reported by Vander Veer and Kellert. An 
intussusception was reduced and a solitary tumor 
of the ileum resected. The patient lived com- 
fortably for six months and then died of a 
metastasis in the lungs. A second case was 
reported by Maxwell.“ The patient was oper- 
ated on first for obstruction. One tumor was 
removed at that time. One and one half months 
later the patient was operated on for intussus- 
ception, and another tumor was removed. Six 
months later, at the time of writing, the patient 
was still well. A third case was reported by 
Lund.**° The patient had two intussusceptions 
caused by two tumors. Each was resected, and 
the patient recovered but died six weeks after 
leaving the hospital. A fourth case was reported 
by Jones, Dowlen and Rand.*'". The patient was 
operated on for obstruction and _ recovered. 
Nothing was said of his ultimate condition. 
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It is generally agreed that primary melanoma 
usually arises in the skin or the eye. Whether 
it can occur as a primary tumor in the small 
intestine has not yet been proved, in spite of 
occasional reports to the contrary. There are 
several reasons for doubting an origin in this 
organ. First, it has been shown by Laidlaw * 
and others that melanoblasts are found only in 
the skin and in mucous membranes of ectodermal 
origin. They are not found in the large intes- 
tine above the mucocutaneous junction of the 
rectum, and as far as we know, they have like- 
wise not been demonstrated in the small intes- 
tine. Recently we used the dopa test on sections 
of duodenum, jejunum and ileum obtained from 
a man one-half hour after his death. No cells 
in any of these sections gave a positive reaction. 
Simultaneously tested sections of the skin, how- 
ever, reacted strongly. Therefore, in the ab- 
sence of melanoblasts, a melanoma cannot arise 
in the small intestine as a primary tumor. 
Second, the involvement of the small intestine 
is exactly the same in cases in which the pri- 
mary tumor has been located elsewhere as in 
those in which such a tumor has not been found 
and in which the tumor in this organ is con- 
sidered primary. Third, one must always bear 
in mind that in cases of melanoma delayed meta- 
static growths, often appearing years after a 
“mole” has been removed, are common,”° and 
so the primary source may be easily overlooked. 
Fourth, it is known that moles which grossly 
and histologically appear benign are sometimes 
known to produce metastases... This is well 
illustrated in the first case reported here. His- 
tologically, the cells were so regular that the 
mole was first diagnosed as a “benign” pigmented 
nevus. It was not until later, when an exam- 
ination of the draining lymph nodes disclosed 
metastatic melanoma, that several sections of the 
original mole disclosed a slight variation in the 
intensity of staining of some of the nuclei and 
an occasional cell with two nuclei. These changes 
were so slight, however, that if we were con- 
fronted with a similar section we should prob- 
ably make the same diagnosis. Thus, since most 
people have one or more nevi, one cannot be 
sure in the cases in question that the primary 
site was not in a nevus of innocent appearance. 
Fifth, however carefully autopsies are made, they 
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are often of necessity not thorough enough. 
Although it is known that melanoma frequently 
arises as a primary tumor of the eye,’ only in 
two reports ** of the cases reviewed is it’ stated 
that the eyes were examined post mortem. In 
one other * they were said to have been exam- 
ined with an ophthalmoscope during life. With- 
out a thorough examination of the eyes, a diag- 
nosis of primary melanoma of the small intestine 
should not be made. Another possible primary 
source that has not been sufficiently considered 
is in the mongol cells (melanoblasts) which in in- 
fants of all races lie deep in the corium over the 
sacrum and along the back. According to Laid- 
law,’® these are true melanoblasts and are there- 
fore capable of giving rise to a melanoma. Since 
these cells are present in the newborn, some 
will undoubtedly persist throughout adult life 
and may be the starting point of melanoma. 
This may be particularly true in those cases 
in which multiple subcutaneous nodules occur 
over the entire body, including the back, with 
no demonstrable primary site in the usual 
locations. 


SUMMARY 


A review of the literature discloses reports 
of approximately 25 cases of melanoma of the 
small intestine. In 9 of these the tumor was 
reported as primary in the small bowel; in 16, 
as metastatic. To the latter group we have 
added 5 cases. In 3 of these the neoplasm 
originated in a cutaneous nevus, while in 2 the 
primary site was not determined. Abdominal 
pain, with frequently other symptoms of intes- 
tinal obstruction, were present in 18 of the 30 
cases now reported, while intussusception oc- 
curred in 10. It appears that melanoma of the 
small bowel is usually, if not always, a meta- 
static tumor for the following reasons: (1) 
Melanoblasts have not been demonstrated in 
the small intestine; (2) the involvement of the 
bowel in secondary melanoma is the same as 
that in the cases in which the tumor of the 
bowel is thought to be primary; (3) primary 
cutaneous growths may be lost sight of in the 
often delayed metastasis peculiar to melanoma; 
(4) occasionally quiescent moles are known to 
give rise to local and distant metastases, and 
(5) autopsies are often, albeit of necessity, 
not thorough enough. 
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CHEMICAL BASIS OF FEVER WITH 


INFLAMMATION 


VALY MENKIN, M.D. 
DURHAM, N. C. 


Recent studies undertaken by me have demon- 
strated in exudate the presence of a substance 
which offers a reasonable explanation for the 
basic pattern of injury in inflammation.’ This 
substance, which either is the euglobulin fraction 
of exudate or at least is associated with it, has 
been termed necrosin. It is presumably liberated 
from cells whfch have been initially injured by 
an irritant. The internal chemical constitution 
of the damaged cell is doubtless altered, yield- 
ing as a result various common factors, which in 
turn are responsible for the unfolding of the 
fundamentally stereotyped pattern of inflam- 
mation. Leukotaxine, the leukocytosis-promot- 
ing factor, and necrosin belong to such a cate- 
gory of chemical units formed by injured cells. 
In this connection necrosin has been found to in- 
duce a severe inflammatory reaction, accom- 
panied by a lymphatic blockade. When it is in- 
troduced into the circulating blood leukopenia 
follows promptly and is replaced several hours 
later by leukocytosis.*” The internal organs are 
injured, notably the liver and to some extent 
the kidneys.*” Besides fatty deposits in the 
parenchyma, small foci of leukocytic infiltration 
may be found irregularly scattered throughout 
these organs.” 

Further studies on dogs have indicated that 
the intravascular injection of necrosin is accom- 
panied by a rapid elevation in temperature.’ 
This hyperthermia was not induced by other pro- 
tein fractions derived from exudate, ascitic fluid 
or normal blood serum. 

Inasmuch as necrosin seems to penetrate into 


the circulating blood *» from the site of inflam-. 


mation it is conceivable that the fever produced 
with inflammation may be referable in large part 
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to the action of the necrosin absorbed from the 
site of injury into the blood stream. The present 
communication presents further data on the ac- 
tive chemical substance involved in the develop- 
ment of fever. There is present in exudate a 
pyrogenic factor, termed for convenience 
pyrexin, which seems to be formed by the 
enzymatic action of necrosin, which is in turn 
closely associated with the euglobulin fraction 
of exudate. 


The early writers have demonstrated that with 
various infectious processes accompanied by 
fever there is manifest an increase in protein 
metabolism.* Furthermore, this enhancement 
seems to be wholly independent of the low level 
of the normal “wear and tear” of nitrogenous 
metabolism.* These facts have led to the con- 
clusion that fever involves severe toxic destruc- 
tion of proteins.’ Coleman and Dubois ® in an 
exhaustive study inferred that the destruction of 
proteins in typhoid is referable to the toxins of 
that disease. Leyden and Klemperer’ reported 
that in the high fever of pneumonia nitrogenous 
equilibrium cannot be attained. The output of 
nitrogen in the urine is high, and this state of 
affairs continues after the crisis until the excess 
nitrogen derived from the exudate is eliminated. 
It is of interest to note that patients who have 
succumbed in high fever show on autopsy 
parenchymatous and fatty degeneration of some 
of the internal organs. Welch® noted similar 
effects in rabbits exposed to high temperature for 
a week. As stated in the opening paragraph, 
necrosin induces fatty degenerative changes in 
the liver and the kidneys.*” 

Krehl and Matthes*° reported an increase in 
albumoses in the urine of patients with fever. 


3. Pfliiger, E.: Arch. f. d. ges. Physiol. 18:247, 1878. 

4. Kocher, R. A.: Deutsches Arch. f. klin. Med. 
115:82, 1914. 

5. Muller, F., cited by Lusk,® p. 513. 

6. Coleman, W., and Dubois, E. F.: Arch. Int. Med. 
15:887, 1915. 

7. Leyden and Klemperer, cited by Lusk,® p. 520. 

8. Lusk, G.: The Elements of the Science of Nutri- 
tion, Philadelphia, W. B. Saunders Company, 1923. 

9. Welch, W. H.: M. News, Philadelphia 52:393, 
1888. 

10. Krehl, L., and Matthes, M.: 
klin. Med. 54:501, 1895. 
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MENKIN—CHEMICAL BASIS OF FEVER WITH INFLAMMATION 


These substances were found toxic in animals. 
Klemperer ** insisted that the toxicity was ref- 
erable to impurities and not to the albumoses of 
the urine. Mandel ** observed an increase in 
purine bases in the urine of feverish patients fed 
with milk. In the opinion of this author the 
purine bases liberated by destruction of tissue 
may. be of considerable significance in inducing 
fever.** Erben reported an increase in xanthine 
bases and amino acids in measles and chicken- 
pox.’* Xanthine bases were found also some- 
what increased in scarlet fever and typhoid. 
Senator *® and Mendelson ** showed that in a 
dog an injection of pus is followed by an eleva- 
tion in temperature. Lusk ® pointed out that the 
rise in temperature induced by experimentally 
puncturing the neurogenic heat centers may have 
little to do with the true mechanism of the pro- 
duction of fever in infections. Barbour discussed 
the various views on the possibility that the heat 
centers are “stimulated” in fever.*’ Grafe** re- 
ferred the production of fever to the irritating 
action on the heat centers of the products of de- 
composition of bacteria or of injured tissues. 


EXPERIMENTAL STUDIES 


In a series of experiments an attempt has been made 
to determine with greater exactitude the component 
which is responsible for the elevation in temperature 
following the intravascular injection of the euglobulin 
fraction of exudate. 


The studies have all been made on rabbits. This 
animal was found to be convenient and far simpler to 
handle than the dog. A preliminary note on these 
earlier observations has recently appeared.1® Various 
fractions of exudate and of necrosin were injected into 
the circulating blood stream, and the rectal temperature 
was recorded at intervals during a period of several 
hours. 


Necrosin was usually prepared from canine exudative 
material as described in a previous communication.» 
An acute pleural inflammation was induced by injecting 
about 1.5 cc. of turpentine.1> In few instances material 
obtained from human exudates was employed. The 
various tests mdde and the further fractionation of 
necrosin will be described as the observations and the 
results obtained are being presented. 


Variation in Temperature in Normal Rabbits—It is 
important to determine first of all the daily fluctuation 
of temperature in rabbits. The animals during a period 


11. Klemperer, cited by Lusk,® p. 523. 
12. Mandel, A. R.: Am. J. Physiol. 10:452, 1904. 


13. Mandel, A. R.: Am. J. Physiol. 20:439, 1907. 
14. Erben, F.: Ztschr. f. Heilk. 25:33, 1904. 
15. Senator, H.: Untersuchungen iiber die fieber- 


haften Process und seine Behandlung, Berlin, A. Hirsch- 
wald, 1873. 

16. Mendelson, W.: 
100:274, 1885. 

17. Barbour, H. G.: Physiol. Rev. 1:295, 1921. 

18. Grafe, E.: Deutsches Arch. f. klin. Med. 101: 
209, 1910. 
19. Menkin, V.: 


Virchows Arch. f. path. Anat. 


Federation Proc. 3:32, 1944. 
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of six to seven hours do not show much variation. 
The average maximum rise in temperature during such 
an interval is less than 1 F. (0.63 F., table 1 and 
chart 1). From day to day, however, the rabbit may 
display temperature fluctuation, bit this fails to occur 
to any appreciable extent within the duration of an 
experiment that lasts six to seven hours. It should per- 
haps be pointed out that the rabbit may display relative 
instability during excessively warm days. Note in table 
1, for instance, that although the temperature of rabbit 
23-55 normally fails to fluctuate, on a very warm day 
this rabbit showed a maximum increase of 1.45 F. 
Nevertheless, the latter is approximately the greatest 
rise in temperature referable solely to weather. This 
increase is, however, definitely transcended when a 
potent pyrogenic derivative associated with the 
euglobulin fraction of exudate is injected. 


TABLE 1.—Variation in Temperature in Normal Rabbits 
and in Animals into Which Inert Materials 
Were Injected 








Maximal In- 
Tempera- crease 
Basal ture Over in 
Tem- a Period Tem- 
pera- of About pera- 
ture, 6to7 Hr., ture, 
Rabbit Number PF. F. F. 


SPER ROU 0.06 sckcecisivnstudvigheaaenede 102.7 108.65 0.95 
SG ik 5 00:04 50009 0000040reeaeue 104.75 106.3 0.55 
TN Re eee Fore © 108.3 108.3 0.0 
i ere ee 102.6 108.0 0.4 
SE ind dn osc oncccescceneenesntasane 104.6 105.06 0.45 
SI Gs 6'004:<04020<0cncgnemmenescoten 104.3 106.75 1.45* 
Average increase in temperatuTre..............cseeseeeeee 0.63 
23-24 2.5 cc. saline solution..............+. 108.1 102.4 0.0 
23-18 0.5 cc. saline solution..............+.. 108.4 104.25 0.85 
23-15 1 ec. euglobulin suspension of canine 
pe cccccccepeccecoesccedpnceneseess 2.1 102.8 0.7 
23- ar 1 Lo ~Npsaemepewane suspension of human 
pds.ndn bonctedatebbensehetedeeient 108.9 104.0 0.1 
23- m8 8 — LPF ¢ in 1 ce. saline solution.. 108.6 104.6 10% 
VY OB OB, Bal on ccccctcciocsccces cccccese 104.1 105.0 0.9 
GOD Ried: Bil io h ids s dvnse nese sips ctiancieis 102.9 103.0 0.1 
22-92 0.5 ec. albumin from canine exudate. 103.0 104.35 1.35 
23-27 1 ee. albumin from canine exudate... 102.8 103.75 0.95 
Average increase in temperature............sceeeeeeeeeee 0.66 





* Excessively warm day. 

+ LPF stands for leuboeytesio- promoting factor. 3 

t There is evidence that this fraction of LPF contained a 
trace of necrosin as an impurity. 


Studies have also been made following injections of 
isotonic solution of sodium chloride, of the euglobulin 
fraction of normal canine serum, of the euglobulin 
fraction of normal human serum, of the pseudoglobulin 
or leukocytosis-promoting factor from canine exudate 
and, finally, of the albumin fraction from the latter. 
The results are summarized in table 1. Note that not 
one of these substances induces any appreciable rise in 
temperature, the average being of about the same order 
as that observed in normal animals, namely 0.66 F. 
(table 1 and chart 1). 


Pyrogenic Capacity of Whole Exudate-—When 0.5 cc. 
(or even less) of exudative canine material is injected 
into the marginal vein of a rabbit’s ear, there ensues 
within a period of about one hour or less an appreciable 
rise in the animal’s temperature. The data of such 
experiments are recorded in table 2 (compare also 
chart 1). The average rise in temperature during a 
period ranging from about six to seven hours is 2.37 F 
This represents an increase of 276 per cent over the 
maximum rise resulting from normal variation of 
temperature in rabbits (table 1). The magnitude of 
rise in temperature does not seem to depend primarily 
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on the amount of material injected, i. e. within limits. 
It has been found that at times 0.1 or 0.2 cc. of exudative 
fluid will induce as great an effect as the injection of 
0.5 cc. or even more. The effect thus displays a rela- 
tive “all or none” response. This seems to hold true 
also, to some extent, with the fraction of exudative 
material. These facts suggest the presence of a pyro- 
genic factor in inflammatory exudate. 
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Chart 1.—Effect of exudate and of other fractions of 
canine body fluids on the level of temperature in the 
rabbit; average variation of temperature in normal 
rabbits (—— .. ——); temperature curve with exudate 
(——-——); curve with the euglobulin fraction of 
exudate (necrosin + pyrexin) (—————); curve with 
nonhemolyzed blood serum (— . —); curve with the 
euglobulin fraction of normal blood serum (...... ). 
Degrees Fahrenheit are shown at the left; lapse of time 
in hours, at the bottom. 


TABLE 2.—Effect of Whole Exudate on Level of 
Temperature in Rabbits 








Maximal 
Temperature Increase 


Basal Overa Period in 
Temper- of About Temper- 
ature, 6to7Hr., ature, 
Rabbit Number F. FP. F. 
PEbes che edentecdccccéovccocsoces 102.2 104.1 1.9 
iniindehienetbedesaseéenevanct 102.6 104.4 18 
iit ecceheteteeeeacececceeeeces 101.2 105.7 4.5 
DiceGnbstdesdadevecseceseons 192.4 104.4 2.0 
0 a  -ar 103.5 105.2 1.7 
ES ee ree 102.05 104.0 1.95 
Pi ebicetthes be6eedbetsevescécce 102.0 105.1 3.1 
DROR cuadneeseutecekeCceeeccens 103.3 105.6 2.3 
Pi idichaetkeereeneuvescchesesse 102.7 104.5 1.8 
Di ididandhy>ekés sebeensebssebs 102.3 104.3 2.0 
iin chdebabobdbedssatenoonncss 102.8 105.8 3.0 
inn adheginrhinnwtedeekecns’ 102.4 104.75 2.35 
Average increase in temperature...................... 2.37 





Presence of the Pyrogenic Factor in the Euglobulin 
Fraction of Exudate—As indicated in table 1, neither 
the pseudoglobulin fraction (i. e. the leukocytosis- 
promoting factor) nor the albumin fraction of exudate 
induces any appreciable enhancement in temperature. 
On the other hand, the euglobulin fraction of exudative 
material induces a marked rise (table 3 and chart 1). 


OF PATHOLOGY 


The average increase during a period of about six 
hours following an injection of that particular fraction 
of the exudate is 2.46 F. This represents a rise of 
about 290 per cent over that occurring in normal 
rabbits (table 1). This type of effect holds true as well 
when a series of rabbits treated with an identical 
euglobulin fraction derived from one sample of exudative 
material is studied. In 3 rabbits (23-15, 23-26 and 23-27) 
the level of temperature was not appreciably altered 
following the injection. The euglobulin fraction in- 
jected into these 3 rabbits was derived from exudate 
which never contained a potent necrosin but at the same 


TaBLe 3.—Effect of Necrosin (Whole Euglobulin 
Fraction of Exudate) on Level of Temperature 











Maximal 
Temperature 
About 6 Hr. Increase 
Basal After in 
Temper- Injection Temper- 
ature, of Necrosin, ature, 
Rabbit Number F. PF. P 
Di inttebhhwnnngs tena eeeeeewos . 102.2 106.4 4.2 
Piscebébeedieeendesdckeosdteddl 108.2 106.0 2.8 
Ee eee 101.6 1038.0 1.4 
iehdapéecusunhe soesel.ocbecedes 103.0 105.7 2.7 
Di ee cbuctdbnendoseeseconcascens 102.6 105.2 2.6 
DG? Unssudsdidedieesesetdechuases 102.6 103.7 1.1 
23-01 (subcutaneous injection)... 102.3 104.8 2.5 
PEPE this cond0ens Seeoeesesenceeonds 102.65 104.55 19 
DEE Mitatrdesseechsabeceosss Cecnee 101.85 108.3 1.45 
Dintnhsbueneddedeeshepeteecoe 102.25 106.7 4.45 
each veduinndedssttsn0dyeeeness 102.2 104.2 2.0 
Average increase in temperature................66.56. 2.46 
* Human necrosin was injected; in all other experiments 


canine material was utilized. 

+ The animal from which this fraction of necrosin was 
derived had leukocytosis and had a powerful concentration of 
leukocytosis-promoting factor in its exudate in contrast to a 
poor yield of necrosin. Correspondingly, the animal appeared 
clinically to be very well. 


time contained considerable leukocytosis-promoting 
factor. The dog from which this exudate was obtained 
appeared correspondingly to be well. In general, the 
clinical well-being of a dog seems inversely related to 
the amount of toxic euglobulin or necrosin recovered 
from its exudate; while, on the contrary, the concen- 


TABLE 4.—Effect or Nonhemolysed Blood Serum from 
Normal Dogs on Level of Temperature 
in Rabbits 








Maximal 
Temperature Increase 





Basal Owera Period in 
Temper- of About Temper- 
ature, 6to7 Hr., ature, 
Rabbit Number F. 
Ee a nr 104.0 105.2 1.2 
23- 108.4 104.6 1.2 
2B- 102.8 104.0 1.2 
23-i 102.65 108.7 1,05 
inch oktectnt ks obeeSubnseuées 103.8 104.3 0.5 
Pie ksntenSerecescesectsveseees 102.9 104.2 1.3 
ecb beGede wsederGedeschesncesne 104.2 105.4 1,2 
Ps 65.9-606605065006000600066068 103.3 104.1 0.8 
Average increase in temperature................... 1.05 





tration of leukocytosis-promoting factor in the exudate 
seems to bear a direct relation to the clinical status. 
These observations on the pyrogenic effect of exudate 
and of the euglobulin fraction therefrom in rabbits con- 
firm earlier studies on dogs.? 

Effect of Blood Serum on the Level of Temperature. 
—In order to control’the effect obtained with exudative 
material, nonhemolyzed canine blood serum was in- 
jected intravenously into rabbits. The data are con- 
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veniently collected in table 4, and an individual experi- 
ment is illustrated in chart 1. The average increase in 
temperature in eight experiments in which 0.5 cc. of 
serum was injected was 1.05 F. This constitutes an 
increase of 67 per cent over the normal variation 
(table 1). This rise is relatively inappreciable when 
compared with the increases of 276 and 290 per cent 
induced by whole exudate and the active euglobulin 
fraction of exudative material. 

On the other hand, when hemolyzed blood serum is 
utilized there seems to follow a moderate increase in 
the level of temperature, averaging almost 2 F. (table 
5). This represents an increase of 209.5 per cent 


TasLe 5.—Effect of Hemolysed Serum from Normal 
Dogs on Level of Temperature in Rabbits 








Maximal 
Temperature Increase 
Basal Overa Period in 
Temper- of About Temper- 
ature, 5to7Hr., ature, 
Rabbit Number F. F 
ictethissibbasebindssaedpans 103.0 105.05 2.05 
ct tdsseketbantqetedaaes 108.05 106.4 3.35 
Dinbss ibe ekagedetetoeaneecnsee 108.1 104.8 1.7 
EES EER EE Se eae pee 102.1 104.0 1.9 
Dl Wéibbnatetadbadieweensesede 102.45 104.2 1.75 
PT Tenet Sedcncknsteesesansd ones 108.7 105.0 1.3 
ee ea 103.8 105.25 1.45 
Tcikdk tiene dali paleiniddviatays 102.8 104.9 2.1 
Bech Soedstodcevnessnedeerseeses 108.2 1065.2 2.0 
Average increase in temperature...............6e00005 1.95 





* This animal received 0.25 ce. of hemolyzed serum intra- 
venously; 0.5 cc, was injected into other animals. 


(table 1). These observations, in comparison with the 
effect of nonhemolyzed blood serum, definitely suggest 
that injured red cells are capable of liberating an 
appreciable amount of pyrogenic factor into the blood 
serum. This fact may prove to be of significance in 
helping to explain in part the fever occurring in malaria 
following the release of the parasites from the red 
corpuscles. Conceivably the pyrogenic factor may like- 
wise be liberated alongside those organisms into the 
circulation. Presumably the material can probably be 
recovered from any injured cells, such as are obtained 
by crushing or by severe trauma. Such studies are being 
undertaken. 

In a previous study?” I pointed out that necrosin, 
the toxic euglobulin fraction derived from exudate, was 
present in the blood serum only if there was con- 
comitant inflammation. These observations suggested 
that necrosin penetrates from the site of injury into 
the circulating blood stream.» For this reason it 
became of interest to determine whether nonhemolyzed 
serum from a dog with concomitant pleural inflamma- 
tion appreciable pyrogenic activity. Such 
serums obtained from animals with pleurisy of duration 
ranging from about seventeen hours to one week 
displayed pyrogenic potency. The evidence indicates 
that in at least half of the cases studied the serums 
were active. The average increase in temperature in 
such a was 1.67 F., or a rise of 165 per cent 
above normal variation (table 1). When this increase 
is compared with the average increase noted with 
serums from normal dogs (table 4), a small but definite 
enhancement of the pyrogenic capacity of serum from 
animals having a concomitant inflammation is indicated. 
These observations are probably of significance in help- 
ing to explain the fever that frequently develops when 
there is an inflamed area. The pyrogenic factor ab- 
sorbed into the circulation from such an acutely injured 
site would be capable of inducing fever. This phase of 
the problem is being studied further. 


possesses 


series 
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Dissociation of the Euglobulin Fraction of Exudate 
into @ Toxic Factor (Necrosin) and a Pyrogenic Factor 
(Pyrexin)—The evidence described in the foregoing 
sections and also in previous contributions 2° indicates 
the presence of a pyrogenic factor in the euglobulin 
fraction of exudate. Earlier work has likewise demon- 
strated the toxicity of this fraction which for con- 
venience has been termed necrosin.t Is the pyrogenic 
factor of exudate merely associated with necrosin or 
is the pyrogenic activity a property of that toxic 
euglobulin fraction? Studies indicate that one is deal- 
ing with two different substances which, however, seem 
to be closely associated as concerns their respective 
genesis. Recent evidence indicates that the pyrogenic 
factor can frequently be formed from necrosin merely 
by incubation of the latter. This may perhaps be 
brought about by enzymatic activity present in turn in 
the purified necrosin-containing material. The results 
obtained by incubation suggest this possibility. Further- 
more, recent preliminary: studies seem to indicate the 
presence of proteolytic activity in necrosin.2 Fibrinogen 
combined with thrombin induces rapid formation of a clot 
which, however, with the addition of purified necrosin 
tends toward early liquefaction. These facts suggest 
either that necrosin is a proteolytic enzyme or that in its 
present state of purification it is closely associated 
with such an enzyme. On the other hand, the pyrogenic 
factor fails to display any such proteolytic activity. 

The scheme adopted to dissociate necrosin from the 
pyrogenic factor or, as it is termed, pyrexin, is probably 
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(NH4)280« at % saturation 
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4 
centrifuge 


4 4 
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dialyze until free of SO.= 
| 


1 1 
insoluble soluble (NH4)280. at 
fraction fraction \% saturation 

| | | 

L t 

wash repeatedly dialyze 


— uge 


with distilled HeO 
| 


J 4 1 
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necrosin (as the dialyze 
1 euglobulin fraction) | 
dialyze 
| 


4 
leukocytosis-promoting 
factor (LPF) 
residual material in 
cellophane tube 
(pyrexin) 


best described by the accompanying diagram, which 
incidentally includes the simultaneous preparation of 
the leukocytosis-promoting factor. 

The principle adopted in this dissociation and purifica- 
tion lies in the finding recently described’® that the 
euglobulin fraction of exudate seems to be insoluble in 
the presence of certain electrolytes. This was at first, 
surmised to be due to the presence of an atypical 
euglobulin.1® Advantage has been taken of this property 
in order to extract a true euglobulin from exudate. This 





20. Menkin (footnotes 1b and 2). 
21. Menkin, V.: Am. J. M. Sec. 
Science 100:337, 1944. 


208:290, 1944; 
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is done by treating with distilled water in the presence 
of SO ions the precipitate formed by the interaction 
of the exudate with ammonium sulfate ({NH«]2SO.) 
at one-third saturation. In other words, a _ true 
euglobulin, by virtue of its solubility in the presence of 
electrolytes, is removed prior to dialysis of the SO¢ 
ions. By this simple step the toxic material, or necrosin, 
is found to be either a true euglobulin or at least a 
substance that is associated with this fraction. In the 
presence of SO. ions necrosin readily enters into 
aqueous solution, while, on the other hand, the pyrogenic 
factor seems to be primarily located in the relatively 
insoluble aqueous fraction. The so-called atypical 
euglobulin fraction of exudate represents essentially an 
insoluble fraction in close association with an otherwise 
true euglobulin.?2 


In brief, with the adoption of the aforementioned 
scheme of purification it was found that the toxic 
material, or necrosin, is primarily located in the true 
euglobulin fraction, which is essentially nonpyrogenic, 
while the fever-inducing property seems chiefly con- 
centrated in an insoluble precipitate obtained as shown 
in the diagram. 

The results of experiments with the two fractions 
or substances thus obtained are shown in table 6. 
Both of these fractions can readily be dried by freezing. 
It is clear that necrosin in contrast with pyrexin is 
essentially nonpyrogenic. ,The latter induces an average 
increase of 2.46 F. This effect is of the same order 
of magnitude as that obtained with the whole exudate. 
The latter causes a rise of 2.25 F., while purified 
necrosin induces an average increase of 0.94 F. The 
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factor in exudate that is responsible for the potent 
pyrogenic effect. In chart 2 the course of an experi- 
ment is graphically illustrated. 
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Chart 2.—Effect of exudate (...... ), necrosin (— — 


— —) and pyrexin ( ) on the level of tempera- 
ture in the rabbit. Degrees Fahrenheit are shown at 
the left; lapse of time in hours, at the bottom. An arrow 
indicates the time of injection. 


Taste 6.—Dissociation of Necrosin into a Euglobulin Component (Purified Necrosin of Exudate) 
and a Pyrogenic Component (Pyrexin) 








Whole Exudate 
—_—— 





pa ee Fes in 
Basal Maximal! Increase in 
‘Temper- Temper- Temper- 
Experiment ature, ature, ature, 
F. F. F, 
becewduetansssoeCesvoecescndccs 102.4 104.4 2.0 
Desde sddberseces¢ccbsannsndede 108.5 105.2 1.7 
ee ee Tet CTE ee Te 102.05 104.0 1.95 
bbewebhedetddc es bUbeumeneeténs 102.0 105.1 3.1 
MecOedGuseerscosesueee Nieves 103.3 105.6 2.3 
mgsheoneesenceseeneegeteasae 102.7 104.5 1.8 
vee OA OSES 000 2600 06864s 008 SN Ses 102.3 104.3 2.0 
Didedebcobesoeceeeoescencustt 102.8 105.8 3.0 
Sbbibes sirscbuind wnbatnremenes 102.4 104.75 2.35 
Paeebsnddedecesdbcdosecceceres 103.75 106.1 2.35 
Average increase in temperature.................+..- 2.25 





Euglobulin (Purified Necrosin) Pyogenic Component (Pyrexin) 
—_— — _ 





> a — - SS 
Basal Maximal Increasein Basal Maximal Increase in 
Temper- Temper- Temper- Temper- Temper- Temper- 
ature, ature, ature, ature, ature, ature, 
F. F. . F. PF. ‘ 
102.9 103.2 0.3 102.8 104.0 1.2 
ecees cence ese 108.2 106.7 2.5 
108.5 104.3 0.8 102.6 104.3 1.7 
102.3 108.1 0.8 102.3* 104.2 19 
103.3 104.1 0.8 sents ones eos 
104.2 104.0 0 102.7 108.6 0.9 
102.25 108.35 1.1 seese coece eee 
108.6 105.0 1.4 108.45 108.0 4.55 
103.9 105.5 1.6 103.05 105.6 2.55 
108.2 104.6 1.4 108.4 106.25 2.85 
108.65 104.8 1.15 102.8 105.5 2.7 
baebe an 102.7 106.5 3.8 
pitusihiebewiawkints SE  .cidaNeceidt bacdeosmepeuseue 2.46 


















in temperature. 


equivalent of about 1 ce. of the original exudate. ‘ 
{ The pyrexin utilized was previously dried by freezing. 


evidence therefore seems to indicate that pyrexin is the 


22. O. Smith and G. Van S. Smith (Proc. Soc. Exper. 
Biol. & Med. 55:285, 1944) have recently stated that 
the euglobulin fraction of menstrual fluid contains a 
toxic factor. This fraction has been described by 
them as being insoluble in the presence of electrolytes. 
I have demonstrated in their laboratory with their 
material the marked pyrogenic activity of the toxic 
factor of menstrual fluid. It is quite probable that this 
pyrogenic activity is due to the presence of pyrexin or 
a similar factor in association with the toxic factor of 
menstrual fluid. 


+ The whole undissociated necrosin or the euglobulin fraction likewise induced a rise of 2.3 F. 
the pyrogenic factor is not in the euglobulin fraction per se since the latter yielded only a negligible increase in temperature. 
# The amount of exudate used was 0.5 cc., but the corresponding amounts of euglobulin (necrosin) and 


§ There was a poor yield of exudate, and the exudate had a methemoglobin-like color. 
* The whole undissociated necrosin or the euglobulin fraction per se induced in a rabbit a rise of 1.9 F. in temperature, indi- 
eating thus that the pyrogenic activity lies entirely in the insoluble fraction (pyrexin) which, as shown, yielded a similar rise 


This supports the view that 


pyrexin were the 


The toxicity of purified necrosin is readily demon- 
strated in its capacity to induce in rabbits a marked 
edematous and necrotizing cutaneous inflammation such 
as was previously described with the undissociated 
material. *Furthermore, the purified necrosin is found 
to be lethal in mice. Pyrexin fails to induce any 
cutaneous reaction, and it is innocuous in mice.?* 


23. A potent fraction of pyrexin has proved at times 
to be lethal in rabbits. In such animals after admin- 
istration of the material the temperature rose to well 
over 108 F. Necropsy revealed primarily damage to 
the liver in the form of conspicuous fatty infiltration. 
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MENKIN—CHEMICAL 


Some of the Properties of Pyrexin—The chemical 
nature of pyrexin remains to be determined. Studies 
now in progress will, it is hoped, help in clarifying 
this point. Meanwhile a few noteworthy determinations 
concerning the properties of this active pyrogenic 
substance are presented. 

Heat Stability of Pyrexin—When pyrexin is heated, 
even to the boiling point, and then introduced into an 
aural vein of a rabbit, its activity remains essentially 
unaltered. The observations bearing on this point are 
listed in table 7. The trend of one experiment is shown 
in chart 3. The average increase in temperature with 
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Chart 3.—Heat stability of the pyrogenic factor asso- 
ciated with the euglobulin fraction of exudate; tem- 
perature curve with euglobulin of exudate (necrosin + 
pyrexin) (— — — —); curve with boiled euglobulin 
of exudate (—————) ; curve with ashed euglobulin of 
| ). Degrees Fahrenheit are shown at 
the left; lapse of time in hours, at the bottom. 


the boiled material was 2.34 F. Such a rise is practically 
of the same order of magnitude as° the rise obtained 
with the unheated material (compare tables 7 and 3). 
The whole euglobulin fraction of exudate, which, as 
seen in the foregoing pages, contains both necrosin and 
pyrexin, was used in the experiments. Nevertheless, 
when boiled pyrexin is utilized, the pyrogenic activity 
is likewise maintained. 

The material is inactivated when ashed, indicating that 
the biologic effect is not referable to an inorganic ion 
in the ashed residue (table 7). 

Pyrexin appears to be insoluble in ether, in 95 per 
cent alcohol and in concentrated sulfuric acid, and, as 
pointed out previously, it is insoluble in distilled water 
or in water containing electrolytes such as sodium 
chloride or ammonium sulfate. It is apparently soluble 
in relatively weak sodium hydroxide, and it dissolves, 
though slowly and with difficulty, in a stronger solution 
of this reagent. 

When purified necrosin is incubated at about 37 C. 
for several hours, it often yields a fraction which is 
actively pyrogenic. This effect is well illustrated in 
chart 4. Thus an otherwise relatively inactive necrosin 
after incubation yielded a potent fever-inducing fraction. 

As pointed out,2! observations on the liquefaction of a 
clot by necrosin indicate that the latter contains a pro- 
teolytic factor if it is not per se a proteolyic enzyme. 
The observations on the effect of incubation on purified 
necrosin add further support to the surmise that pyrexin 
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may well be a split product of proteolysis exerted by 
necrosin on a euglobulin substrate. Pyrexin fails to 
display any proteolytic activity on a clot induced by 
fibrinogen and thrombin. Its stability when heated 
suggests, in part at least, that it is probably not an 
ordinary proteolytic enzyme, in contrast with necrosin. 


TasLe 7.—Effect of Heat on the Activity of the 
Pyrogenic Factor of Necrosin 








Maximal 
Temperature 
Basal ga Increase 
Treatment Temper- Period of in Temper- 
of Rabbit ature, About 6 to 7 ature, 
Necrosin No. Hr., F ‘ 
Untreated 23-27 103.6 106.25 1.65 
23-08* 103.0 104.4 14 
23-17* 102.5 107.0 4.6 
23-20 102.4 106.6 4.2 
23-11 103.0 106.8 3.8 
23-52 102.05 105.0 2.95 
23-52 108.8 105.6 18 
23-52 102.5 106.4 3.9 
23-52 102.6 104.5 19 
23-52 102.4 106.3 3.9 
Average increase in temperature... . 3.0 
Boiled 23-17* 102.8 105.2 2.4 
23-48" 103.2 104.5 13 
23-26 103.2 108.65 0.45 
23-27 102.6 106.5 2.9 
23-38 103.0 107.8 48 
23-38 108.6 105.8 2.2 
23-38 102.7 106.6 2.9 
23-38 102.4 106.45 3.05 
23-38 102.45 108.8 1.15 
23-11 108.2 106.3 8.1 
23-52 102.65 104.1 1.45 
Average increase in temperature... . 2.34 
Ashed 23-78 108.0 103.3 0.3 
23-72 103.6 104.7 1.1 
23-70 102.2 108.4 1.2 
23-61 102.5 102.6 0.1 
23-27 102.0 102.4 0.4 
23-72 108.25 108.8 0.55 
Average increase in temperature... . 0.61 





* Human necrosin was utilized; canine material was em- 
ployed in the other experiments. 
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Chart 4.—Effect of incubation on an otherwise non- 
pyrogenic purified necrosin fraction: temperature curve 
with nonincubated necrosin( —); curve with in- 
cubated necrosin (————). 


When either the whole euglobulin fraction of exudate 
or pyrexin is treated with crystallized trypsin and in- 
cubated, the pyrogenic effect remains essentially un- 
altered. Crystallized trypsin per se is nonpyrogenic, 
Scrapings of the duodenal mucosa of dogs or rabbits 
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suspended in glycerin fail to yield enzymes which 
appreciably affect the potency of pyrexin. 

Nitrogen determinations conducted by Miss Constance 
Sellman, of the New England Deaconess Hospital, in 
Boston, have yielded in three samples of pyrexin 
concentrations of 12.93, 10.65 and 10.23 per cent, 
respectively. Three total phosphorus determinations 
have shown concentrations of 0.79, 0.915 and 1.39 per 
cent, respectively. The ratio of the nitrogen to the 
phosphorus does not seem to indicate that one is deal- 
ing with a simple nucleic acid derivative, while at the 
same time the inability of trypsin to hydrolyze the 
active material does not seem to support a_ simple 
intermediary nitrogenous compound, e. g., a peptide, 
although in this respect it is to be recalled that trypsin 
itself has some degree of substrate specificity. The 
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in part excreted in the urine (table 8 and chart 5). 
The active material in the urine can be frequently 
recovered as a precipitate by treating the urine for a 
number of hours in a refrigerator with ammonium 
sulfate at one-third or one-half saturation (chart 5). 
The nitrogen content of one such active sample was 
found to be 10.63 per cent, while the total phosphorus 


Taste 8—Urinary Excretion of a Pyrogenic Factor 
During the Progress of an Acute Pleural 
Inflammation 








Maximal! Rise in 
Temperature in 
Duration of Rabbit Within a 
Inflammation Few Hours After 


Dog from 
Which Urine 














cee © , } Was Rabbit in Dog, the Injection of 
possibility is not precluded that one may be dealing with Obtained No. Days Canine Urine, F. 
a peptide attached to a derivative of nucleic acid. 10-F 0 1.0 
Preliminary deamination may yield further information 1 1.65 
; , AE gg ; 2 2.8 
on this point. A phospholipid linkage is also not yet 3 3.0 
precluded by the available data. The Molisch test on 4 2.7 
the material is negative, suggesting the absence of any -F 0 0.5 
conspicuous carbohydrate grouping. The material is ead 1 19 
» £ sstrwale 3} : nslins : 1 day after reinjection 75 
usually found to react positively in the ninhydrin test of irritant in the pleura 
and to yield only a minute trace of a reaction in a biuret 23-26 2 days after reinjec- 2.5 
test. That one may be dealing with a peptide linked to tion of irritant 
a derivative of nucleic acid is a distinct possibility. This 12-F 93-54 0 235 
view, however, will have to be studied further before 23-27 1 2.85 
2 > 92.97 Fe 
a final conclusion can be reached. oo — 
Excretion of a Pyrogenic Factor in Urine with the 4-F em - 25 
. . . vor par ty) 
Progress of an Acute Pleural Inflammation.—It is of 23-11 9 41 
interest to determine the fate of the pyrogenic factor 23-30 ; 4.6 
with the progress of inflammation. It is found that = 
4} 
° io 6) 30 40 $0 60 ~ 60 90 
Chart 5—The urinary elimination of a pyrogenic factor in an animal with inflammation: , tempera- 
ture curve showing the presence of a pyrogenic factor in the urine; — — — —, curve showing the presence ot 


a pyrogenic factor in the ammonium sulfate-treated fraction of the urine. Degrees of maximum increase in tem- 
perature (F.) are shown at the left; duration of inflammation in hours, at the bottom. 


in general the urine becomes gradually more pyrogenic 
as the inflammatory reaction proceeds. The data bear- 
ing on several of the experiments from which this 
observation is drawn are listed in table 8. The dog 
is kept in a metabolic cage before and after intrapleural 
introduction of the irritant. The urine is collected 
daily and about 0.5 cc. is injected intravenously into a 
rabbit. It is to be noted that in 2 dogs ((12F and 14F) 
the urine per se prior to inducing pleurisy in the 
animals is distinctly pyrogenic. This fever-inducing 
capacity, however, is further enhanced with the progress 
of the inflammatory reaction. The initial pyrogenic 
activity sometimes encountered with the urine of an 
apparently normal dog raises a question as to the 
possibility that pyrexin is a product of protein catabo- 
lism which under apparently normal circumstances is 
eliminated in the urine. This point deserves further 
study. At any rate, the observations suggest that 
pyrexin formed at the site of inflammation is at least 


content was approximately 0.99 per cent. These chemical 
determinations on material from urine are of the same 
order as those found for pyrexin recovered from 
exudate. This perhaps suggests that one is dealing with 
a single substance formed at the site of injury and 
subsequently excreted at least in part in the urine. 
Mode of Action of Pyrexin—The exact mode of 
action of pyrexin doubtless requires considerable further 
study. Preliminary observations indicate that an anti- 
pyretic such as acetylsalicylic acid apparently reduces 
the activity of pyrexin, as demonstrated when it is 
subsequently injected into a rabbit. Antipyretics are 
believed to act directly on the centers regulating tem- 
perature. Furthermore, it is known that barbiturates 
depress the hypothalamic region near where the tem- 
perature-regulating centers are presumably located.?4 


24. Masserman,- J. H.: 
37:617, 1937. 
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MENKIN—CHEMICAL BASIS OF FEVER WITH INFLAMMATION 


Pentobarbital sodium administered to a rabbit that has 
received the whole euglobulin fraction of exudate or 
pyrexin tends to depress the pyrogenic activity (chart 
6). These facts are merely suggestive that the effect 
of pyrexin is directly on the fever-controlling centers 
located in the region of the hypothalamus. 
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Chart 6—Depressing effect of pentobarbital sodium 
on the pyogenic action of pyrexin: temperature curve 
when pyrexin and isotonic solution of sodium chloride 
were injected (— —- — —); curve when pyrexin and 
pentobarbital sodium in isotonic solution of sodium 
chloride were injected (—————). Degrees Fahrenheit 
are shown at the left; lapse of time in hours, at the 
bottom. The arrows indicate the points at which 
injections of pyrexin ( and saline solution 
(— — — —)) and pentobarbital sodium in saline solu- 
tion ( >) were made. 


COMMENT 

The observations reported in the present com- 
munication indicate that there is a pyrogenic 
factor in inflammatory exudate. This factor is 
associated with the euglobulin fraction but evi- 
dently is not itself a euglobulin. Tt seems rather 


to be a proteolytic split product brought about 


by the action of necrosin, which in turn either-is 
an enzyme or in its present state of purification 
displays proteolytic activity, Purified necrosin 
as such is nonpyrogenic. It seems to be either 
a true euglobulin or at least_a substance linked 
with that protein fraction of exudate. The fever- 
inducing substance is found to be largely associ- 
ated with the relatively insoluble component of 
the whole euglobulin fraction of exudative ma- 
terial. With respect to this insolubility in_the 
presence of SO, “jn contrast with 
necrosin. The latter is soluble also in isotonic 
solution of sodium chloride and appears to form 
at least part of the euglobulin complex of exudate. 
For the sake of convenience, the pyrogenic fac- 
tor has been termed pyrexin. 

The exact chemical nature of pyrexin is still 
unknown. _ It seems to be an end product of 
enzymatic activity associated with necrosin. Its 
nitrogen concentration is in the neighborhood of 
11 per cent, and its total phosphorus concentra- 
tion is about 1 per cent. The material is in- 
soluble in distilled water, in isotonic solution of 


ions it is 
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sodium chloride and in the presence of am- 
monium sulfate. It is insoluble in a strong acid 
but appears to be soluble in a relatively weak 
alkali. It is indiffusible, and it is heat stable. 
The ninhydrin reaction on pyrexin is frequently 
positive, although this does not appear to be true 
of the active material recovered from urine. The 
Molisch test for carbohydrates is negative. The 
possibility that one is dealing with a simple 
peptide attached to a nucleic acid group is not as 
yet precluded by the data on hand. Further 
studies are under way in an endeavor to obtain 
more precise information concerning the chemi- 
cal nature of pyrexin. 

In earlier studies I pointed out that the basic 
phenomena in inflammation are referable to the 
liberation of various biochemical units.’? These 
common factors result probably from a derange- 
ment or dn alteration of the chemical organization 
of the cell imparted or initiated by the presence 
of an irritant. It is these factors which are 
responsible for the essentially stereotyped reac- 
tion of inflammation. Such liberated substances 
include: leukotaxine, capable of reasonably 
explaining the increased capillary permeability 
and the local migration to the site of injury of 
polymorphonuclear leukocytes **; the leuko- 
cytosis-promoting factor, which explains the 
leukocytosis often associated with inflammatory 
processes and the concomitant hyperplasia of 
granulocytes in the bone marrow,” and necrosin 
(possibly a proteolytic enzyme), which is capable 
of accounting for the primary mechanism of in- 
jury in the development of inflammation. Dex- 
trose and possibly even urea are likewise lib- 
erated by injured cells into exudative material.? 
Finally, a growth-promoting factor or factors 


perhaps concerned with repair seem to be_re-5 


leased into the exudate.™ 
Fever, as a rule, is associated with some forni 
of cell injury. 


d Aft 


The present study indicates the., 


presence in an inflamed area of pyrexin, which - 


is concerned in the production of fever with in- 
flammation. Its mode of action may be a direct 
effect on the heat-regulating centers in the hypo- 
thalamic region. In brief, all these studies point 


-, 


to the necessity of improving further the present 
understanding of the biochemical nature of the, 


injured cell in order to throw additional light 
on a number of basic pathologic processes. 





25. Menkin, V.: J. Exper. Med. 67:129 and 145, 
1938; Dynamics of Inflammation, New York, The Mac- 
millan Company, 1940. 

26. Menkin, V.: Am. J. Path. 16:13, 1940; Arch. 
Path. 30:363, 1940; in Alexander, J.: Colloid Chem- 
istry, New York, Reinhold Publishing Corporation, 
1944, vol. 5; Am. J. Path. 19:1021, 1943. 

27. Menkin, V.: Am. J. Physiol. 138:396, 1943. 

28. Menkin, V.: Cancer Research 1:548, 1941. 
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SUMMARY 


A pyrogenic factor is associated with the 
euglobulin fraction of inflammatory exudate. To 
a large extent it can be dissociated from necrosin, 
a toxic material, which in turn either is a euglob- 
ulin or is at least a substance closely linked with 
that protein fraction of exudate. 

The dissociation of the pyrogenic factor from 
necrosin is accomplished by differential solu- 
bility. Necrosin is soluble in water containing 
sulfate ions, whereas the pyrogefiic factor fails to 
be appreciably dissolved in the presence of such 
ions. 

The pyrogenic factor is termed, for the sake of 
convenience, pyrexin. Its exact chemical nature 
is still problematic. It appears to be a hydrolytic 
product brought about by the action either of 
necrosin or of proteolytic enzymes associated 
with. the latter. 


OF 
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Pyrexin is nondiffusible, and it is heat stable. 


Its nitrogen and phosphorus concentrations are 


about 11 and 1 per cent, respectively. 

Pyrexin is essentially absent in normal non- 
hemolyzed blood serum, but it is present to some 
extent in hemolyzed serum and also in the serum 
of an animal with a concomitant inflammation. 

In experiments on dogs a pyrogenic factor was 
recovered in increasing amounts from urine with 
progress of an inflammatory reaction in the 
pleural cavity. The evidence suggests that one is 
dealing with pyrexin, which is eliminated at least 
in part in the urine. 

Pyrexin offers a reasonable explanation for 
the primary mechanism of the fever frequently 
accompanying inflammation. Preliminary indi- 
rect studies suggest that its mode of action may 
possibly be via the hypothalamic heat-regulating 
centers. 
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CLASSIFICATION OF TUMORS OF THE KIDNEY 


GEORGE L. 


FITE, M.D. 


BETHESDA, MD. 


This is a study of over 600 renal tumors, 
50 of which are from the Pathology Laboratory 
of the National Institute of Health; the re- 
mainder are in the Kidney Tumor Registry at 
the Army Medical Museum. Of these tumors, 
five hundred and eighty-six may be roughly 
classified as follows: 


Tumors derived from pelvie epithelium...... 114 
Mixed (Wilms) tumors, adenosarcoma, etc..... 61 
Dasecetengmown GHUUIES .. 6. 6o:c 0 dick eee dedecscas 15 
Papillary and solid cancerous tumors......... 396 
TYPES OF PAPILLARY AND SOLID RENAL 
CANCERS 


This article deals particularly with the 396 
tumors of the last category, which embraces 
all the more disputable renal tumors. Studies 
for fat and glycogen were made on suitable sec- 
tions of 75 of these. Somewhat less than half 
the total (191) can be readily classified as of 
four recurring types: 

Group I: 29 tumors bearing a close resemblance to 
the common noncancerous adenoma of the renal cortex. 

Group II: 85 papillary carcinomas containing both 
glycogen and lipoids, with clear cells often predominant. 

Group III: 13 solid carcinomas composed of large, 
finely granular cells with glycogen but not lipoid. 

Group IV: 64 solid carcinomas with cells grouped 
in small cords or islands. 


The remaining 205 tumors are chiefly mix- 
tures of the types mentioned in which variations 
make precise classification difficult. 

Group I.—The nomenclatures which have been 
employed by pathologists for the cancerous 
tumors derived from the cortical adenomas are 
particularly confusing. The cancerous tumors 
have been called papillary or tubular carcinoma, 
or adenocarcinoma; or they have been called 
granular cell, solid cell or smooth cell carcinoma, 
to distinguish them from clear cell tumors. 
Unfortunately, these same terms are often ap- 
plied to other types of cancer not allied to cortical 
adenoma. 

The similarities between the cancerous and 
the noncancerous (adenomatous) tumor of the 
renal cortex are sufficiently great that a descrip- 
tion of one is almost a description of the other. 


From the Pathology Laboratory, National Institute 
of Health, United States Public Health Service. 


It is only needed here to emphasize that in both 
cancerous and noncancerous tumors the cell mar- 
gias are not distinct, the inner (lumen side) 
margin of the papilla (or septum, according to 
Sudeck*) is even and regular, and the main 
growth takes place in the cystadenomatous man- 
ner. 

Because noncancerous adenomas arise so often 
in scars and in arteriosclerotic contracted kid- 
neys, multicentric origin of cancerous tumors 
of this type is likewise possible. In the present 
series there are no specimens which illustrate 
this clearly. 


Group II.—The archetype of tumors catego- 
rized here is the well known papillary clear cell 
carcinoma, the most common of all renal tumors. 
Many tumors of this type show papillary forms 
quite like those of the tumor in group I except 
for three important points : 

1. The inner (lumen side) margin of the 
papilla (septum, tubular and acinous formation) 
is uneven and irregular. 


2. The margins between cells are sharply out- 
lined. 


3. The cytoplasm contains abundant quantities 
of glycogen and of neutral and anisotropic 
lipoid. 

Group III.—The tumors in this group repre- 
sent an ‘entity which has apparently not been 
recognized as such in the past and requires a 
brief description. It is illustrated by Ewing * 
under the title of “adrenal tumor of kidney.” 
It is a solid tumor, the cells of which are finely 
granular and never clear except for clear halos 
about the nuclei (A and B in the accompanying 
figure). The remainder of the cytoplasm shows 
numerous ill defined threads and filaments, which 
appear as granules when cut across. Areas: of 
tumor are seen in which these filaments seem 
to float in a watery cytoplasm. This cyto- 
plasmic character is only superficially like that 
of the adrenal cortex, in which strands of cyto- 
plasm separate numerous small fat droplets. 
Glycogen is uniformly present in all neoplastic 


1. Sudeck, P.: Virchows Arch. f. path. Anat. 133: 
405, 1893. 

2. Ewing, J.: Neoplastic Diseases, ed. 4, Phila- 
delphia, W. B. Saunders Company, 1940, p. 820. 
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layered tumor epithelium lining papillae. 
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A and B, group III carcinoma of the kidney. C, D and E, haphazard, pseudocolumnar and syncytial multi- 
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cells as evenly scattered small granules in con- 
siderable numbers. Fat was wholly absent from 
the tumor cells of 4 of the tumors in this group; 
in a fifth a moderate amount was present in not 
too well nourished areas. However, much 
neutral fat in fine granules is widely and evenly 
distributed throughout the stroma of the typical 
tumors, the stroma being composed of coarse 
dense fibrous tissue in which run markedly 
hyaline blood vessels. 

Group IV.—This group of renal cancers is 
comprised mainly of tumors of the small cell 
solid type, commonly called hypernephroma, 
which shows much glycogen and lipoid in the 
tumor cells and has a delicate stroma. 

PAPILLARY AND SOLID 
READILY 


RENAL CANCERS NOT 
CLASSIFIABLE 

The difficulties that are encountered in classi- 
fying the remaining 205 tumors stem from the 
numerous variable features which play a part 
in their formation. These are detailed briefly. 

Formation of Solid Areas in Papillary 
Tumors.—The most common variations in renal 
tumors are combinations of papillary structures 
(group II) with solid tumor tissue typical of 
the tumors in group IV. Two important fea- 
tures are associated with this process of solidifi- 
cation: the irregularity of the papillary margins, 
and the formation of multiple layers of tumor 
cells lining the papillae. All stages and degrees 
of transition and intermingling have been en- 
countered in this series. The size of the solid 
“islands” formed in the papillary tumors appears 
to be a factor of the thickness of cell layers 
lining the papillae. 

Multilayered Tumor Epithelium Lining Papil- 
lae—The cells lining these papillae take any 
of three common arrangements: (1) haphazard 
—piled on top of each other (C in the figure) ; 
(2) pseudocolumnar (D in the figure) and (3) 
syncytial (E in the figure). It has not been 
found practical to make subdivisions according 
to these cell arrangements. The cancers with 
the syncytial arrangement are most interesting, 
and resemble in ways the uncommon 
papillary cancers arising in the renal pelvis. 
Thirteen examples are noted here. 

Primary and Secondary Papillae—Four 
tumors in group I and 8 in group II showed 
abundant short secondary papillae lining the 
longer primary papillae. In the tumors of 
group II these secondary papillae commonly 
anastomose. 


some 





Granularity of Cells—Granular cells are pres- 
ent in most tumors of groups II and IV. Clarity 
of cells is chiefly the effect of accumulation of 
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fat and glycogen. However, cells may contain 
both these substances in fair quantities in the 
form of small granules and still exhibit granular 
cytoplasm. The clarity of the cells is of no 
moment; it is a matter of the cell contents. 
Hence classification on the basis of granularity 
or clarity of cells is not workable. 

Glycogen.—Tumors of group I and tumor 
tissue of group I type intermingled with other 
types do not reveal glycogen. It occurs in 
tumors of groups II and IV usually as large 
and small globules or masses, sometimes as 
pseudomaltese crosses. In tumors of group III 
it is granular in form, exclusively. 

Lipoids.—Cholesterol clefts occurring in ne- 
crotic and inflammatory areas, occasionally with 
some xanthomatoid reaction, are of little or no 
significance. Neutral fat deposits are common 
in poorly nourished areas. The best guide to 
the importance of fat deposits is the proportion 
of doubly refractile lipoid present. In some 
tumors with relatively little fat along the basal 
margin of the cells, the proportion of anisotropic 
material is high. Significant fat deposits are 
accompanied by extensive glycogen deposits. 
The apparent sequence is—glycogen — neutral 
fat — anisotropic lipoids. The studies of Wells * 
and other authors have shown most of the 
doubly refractile lipoid to be cholesterol and 
lecithin. 

Xanthoma Cells—The stroma of 26 tumors 
showed such cells: 


Cases Percentage 


Wilms tumors ............. 2 4 
Noncancerous cortical ade- 

GORE oo. ete dc ame 12 37 
Group I, cancerous.......... 8 28 
a ae eras. 4 3 


The percentages are based on the totals of the 
readily classifiable tumors. Xanthoma cells were 
not seen in any others. Schiller* considered 
these cells metaplastic adrenal cells, but Ribbert ° 
and others have found them especially in cortical 
adenoma. The xanthoma cells do not appear 
to be neoplastic in character. 


Desmoplasia.—This was seen in 18 solid 
tumors of group IV, usually in isolated areas, 
sometimes involving much of the tumor. Inter- 
cellular fibrosis is about equally common in the 
more static forms of solid tumors of group IV, 
noninvasive in appearance. It distorts the 
arrangements of cells in cords and islands to a 
marked degree. 


3. Wells, H. G.: 
4. Schiller, W.: 


5. Ribbert, H.: 
Cohen, 1914, p. 547. 


J. M. Research 17:461, 1907-1908. 
Arch. Path. 33:879, 1942. 
Geschwulstlehre, ed. 2, Bonn, F. 
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Anaplasia.—This may occur in any type of 
tumor tissue. In 18 tumors it was so extensive 
that analysis of their basic character was impos- 
sible. Isolated anaplastic areas are common in 
many tumors and are the most frequent source 
of metastases. 


Capsules —Though often observed in renal 
tumors, capsules are without significance. 
Tumors of groups II and III are never infiltra- 
tive unless anaplastic. This is probably also 
largely true of those of groups I and IV. The 
tendency to grow in a cystadenomatous manner 
is pronounced in the case of papillary growth 
and is not lost in the solid tumors. No conclu- 
sions should ever be drawn as to the liability of 
these tumors to spread by metastasis on the 
basis of the presence or the absence of a capsule. 


Lumens.—Wherever the solidification of a 
papillary tumor is imperfect, lumens may be 
expected. They will not have regular outlines, 
because, as indicated in an earlier paragraph, 
the lumen side margins of the tumors of group I] 
are characteristically irregular. Potential lumens 
which exist in solid tumors are often made 
apparent only by hemorrhage in them or extrav- 
asation of fluid. Thirteen tumors of groups 
II and IV were predominantly cystic as a result 
of this. 

Chronic Inflammatory Changes.—Extensive 
lymphocytic and plasma cell infiltrations were 
observed in 11 tumors of group II with multi- 
layered epithelium lining the papillae. The in- 
flammatory changes were not related to necrosis 
or degeneration. 

Wilms Tumors Occurring in Adults——These 
may show the papillary type of renal cancer. 
Three excellent examples were noted as _ fol- 
lows: (1) papillary clear cell cancer inter- 
mingled with rhabdomyosarcoma, (2) group I, 
II and IV tumor plus myoblastic sarcoma and 
(3) cystic group II cancer together with large 
quantities of adult smooth muscle. 

Embryonal Carcinoma.—In addition to the 
mixed (Wilms) tumors, there are other em- 
bryonal tumors which also appear to have arisen 
from the renal blastema, composed of darkly 
staining cells. Seven solid and 2 alveolar can- 
cers of this type occurred in the series. The 
term “embryonal carcinoma” should be limited 
to these rare tumors. 

Adenocarcinoma.—In the recapitulation to 
follow 15 tumors diagnosed as adenocarcinoma 
are listed under group I. Adenocarcinoma of 
the kidney does not differ greatly from that of 
the stomach, the breast and other organs. Nine 
of these tumors show some atypical traces of 
group I type tumor tissue. Six cannot be iden- 


The 
use of the term “adenocarcinoma” should be 
avoided elsewhere in the nomenclature of renal 
tumors. 


tified as renal tumor on a histologic basis. 


Opaque Cell Papillary Carcinoma.—There are 
7 tumors in the series in which the character of 
the cells is sufficiently different to set them 
apart as a subgroup of group I. They are 
smooth cell, opaque cell or solid cell cancers. 
The cells are larger from a broadening out of 
the cytoplasm, which is basophilic and pale but 
without any trace of granulation. The nuclei 
have prominent nucleoli, and in 1 tumor there 
are numerous hyaline eosinophilic cytoplasmic 
bodies. 

Age and Sex Incidence—Only the more 
readily classifiable tumors on which data are 
available are listed. 


Percentage 
From From from Average 
Males Females Males Age 
SS re 38 5 88 51.8 
oo Bae ee 120 35 77 54.4 
Groups II] and 1V. 67 40 63 54.1 


Owing to the fact that the male population 
was somewhat more heavily drawn from than 
the female, some correction would have to be 
made, but this still would leave a preponderant 
incidence of tumors of groups I and II in males. 
The ages of occurrence range widely from 40 
onward. 

Recapitulation—Although the variations in 
individual tumors render classification 
awkward, there exists a pronounced tendency, 
even on the part of some highly differentiated 
solid tumors, to hark back to the noncancerous 
papillary adenoma. Overlapping of features 
with those exhibited by cancerous tumors of both 
mesonephroic and pelvic origin leads necessarily 
to the conclusion that cells of adrenal gland 
origin play no part whatever in their histo- 
genesis. 


often 


The classification of the 627 tumors of the 
kidney may be recapitulated as follows: 


A. Tumors derived from pelvic epithelium...... 
B. Tumors derived from the renal blastema: 
1. Mixed tumors—adenocarcinoma, adeno- 
sarcoma, Wilms tumor................ 51 
2. Apparently pure myosarcoma and myo- 
blastoma 
3. Embryonal carcinoma ................ 
-. Miscellaneous tumors — fibrosarcoma, sym- 
pathicoblastoma, hemangiosarcoma, etc.... 15 
D. Tumors derived from the renal glandular 
epithelium 
Group I. Adenopapilloma and its cancerous 
derivatives : 
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FITE—CLASSIFICATION 


A. Noncancerous and adenopapilloma..... 
B. Papillary and tubular carcinoma...... 
C. Opaque cell papillary carcinoma........ 
ED. Amepeeraiins «nv ade canine Sa 
Group II. Papillary and partly solidified 
carcinoma containing glycogen and fat: 
A. Wholly papillary carcinoma........... 
B. Papillary and solidified carcinoma..... 
C. With added features of group I carci- 


a age eee aE wees ea bead Ser” 

Group Iil. Large, finely granular cell carci- 

noma containing glycogen in granular 
form: 


eS Re ee 
B. With some papillary forms............ 
C. With added features of group I carci- 
DL ace sic nck shoe skeet en 
Group IV. Solid tumors: 
A. Uniformly solid, small cell groups...... 
B. Uniformly solid, large cell groups...... 
ie Peer er es ce oe 
D. With added features of group I carci- 
noma 
Group V: 


Miscellaneous : 

A. Mixed tumors showing group II papil- 
lary carcinoma (Wilms tumor in adults) 

B. Tumors dubiously of pelvic or renal 
rc ee 

C. Noncancerous adenoma of duct of Bellini 

D. Tumors unclassifiable because of extreme 
variation 


11 


64 
13 
18 


10 
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SUMMARY 


The tumors derived from the adult renal 
parenchyma have the common feature of a basic 
papillary structure. Although the uniformly 
solid tumors are wholly solid from their begin- 
nings, they nonetheless repeat structural forms 
observed in the papillary tumors which have 
become solid in some parts. Thus, in the transi- 
tions from the purely papillary to the purely 
solid tumors there seems to be a development 
or evolution as a result of which any combina- 
tion of different types of tumor cells or tissues 
may occur. This evolutionary phenomenon is 
remarkable for three important features, viz., 
the accumulations of glycogen and lipoids, the 
alterations in character of the cytoplasm of the 
tumor cells and the filling-in of lumens or inter- 
papillary spaces to form islands of solid tumor 
tissue. 

In spite of the numerous variable factors in 
the papillary tumors, even the more rare features 
are observed repeatedly in an adequately large 
series, and, in addition, it is found that about 
half of these tumors can be readily placed in 
one or another of four groups representing four 
distinct cellular and structural types. 
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Although a number of cases of Weber-Chris- 
tian disease have been recorded,’ reports which 
include postmortem observations are rare.? It 
is the purpose of this paper to present the clini- 
cal and the pathologic observations in another 
case of fatal panniculitis. 


REPORT OF A CASE 


A 23 year old white salesgirl from the San Joaquin 
Valley of California was first seen at the Stanford 
University Hospitals in 1938. She complained of 
recurrent crops of painful red spots and elevated nodules 
on her legs. Their first appearance was associated with 
fever, generalized aching and cough. During 1937 she 
had several crops, accompanied by elevation of tem- 
perature to 103 F., night sweats and fatigue. During 
one episode, in August, she also had abdominal pain 
and vomiting. In December she required hospitaliza- 
tion for cellulitis of the jaw following extraction of a 
tooth because of “focal infection.” 

In April 1938, at another institution, one of the lesions 
cleared up under treatment with local injections of 
thymol and its administration by mouth; this therapy 
was instituted in the belief that the disease was an 
infection with Coccidioides. However, another nodule 
on the leg broke down, and fresh lesions appeared 
despite treatment. 

Examination—The heart and the lungs appeared 
normal. The blood pressure ranged from 90 to 114 mm. 
of mercury systolic and from 50 to 70 diastolic. The 
spleen was palpable 2 fingerbreadths below the costal 
margin, but the abdominal findings were otherwise not 
remarkable. The ankles appeared swollen, but there 
was no pitting edema. 

There were many lesions ranging up to 3 cm. in 
diameter on the lower parts of the legs, especially on 
the lateral and posterior aspects of the calves. There 
were a few on the thighs and buttocks and one in the 
left breast. Some were dark purple-red blotches, while 
others were indurated nodules fixed to the skin but not 
to the deep tissues. In places the overlying skin was 
scaling. A few lesions on the legs showed ulceration 
with formation of superficial sinuses and a purulent 
discharge. The sites of some receded nodules appeared 
as depressed scars. 

Course.—Because of low titers of antistaphylolysin 
and antihemolysin the patient was given a graded 


From the Departments of Pathology and Medicine, 
Stanford University School of Medicine. 
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series of injections of staphylococcus toxoid, and the 
titers rose to within the normal range. At first the 
injections were followed by chills and fever, with 
swelling of the joints of the fingers. New nodules 
appeared and some broke down, but eventually the 
ulcers healed. 

After a remission which lasted until March 1939, 
fresh lesions appeared. In June the patient removed : 
crusted “keratosis” near her left ankle with a razor 
It was not clear whether this area had been the site o» 
one of the nodules. However, an ulcer, resistant td 
local treatment, developed; it persisted for months and 
was associated with bouts of fever. It became much 
worse in July 1940, after cauterization at another insti- 
tution. In November 1940, while she was in Stanford 
Hospital for treatment of the on the legs, 
staphylococcic septicemia developed. Sulfathiazole had 
to be administered for six days before blood cultures 
became sterile. There were splenomegaly and leuko- 
penia. By January 1941 the ulcer on the ankle had 
healed and the spleen had become smaller. 

During most of 1941 the patient did fairly well and 
her leukocyte count was as high as 6,000 cells per cubic 
millimeter of blood. However, by the end of the year 
rehospitalization was made necessary by the appearance 
of fever, subcutaneous nodules and a painful swellin,, 
in the left breast. The temperature was as high as 
102.2 F., and the spleen again extended 4 fingerbreadths 
below the costal margin. 

She was hospitalized for the last time Feb. 26, 1942, 
with a temperature of 105.8 F. and a leukocyte count 
of only 1,000 cells per cubic millimeter of blood. <A 
lesion on the inner upper portion of the left thigh and 
buttock had ulcerated and enlarged until it measured 
10 by 15 cm. The surrounding induration extended wy 
over the inguinal region. The lower portion of the 
abdomen became exceedingly tender, and the temperature 
ranged between 104 and 105.8 F. She did not tolerate 
food and was kept alive by intravenous injections of 
fluids and transfusions. A systolic murmur and a gallop 
rhythm appeared, the heart sounds grew faint and the 
cardiac shadow was enlarged on roentgen examination. 
Between March 10 and March 20 she was given 6 
roentgen baths of 5 r each. She died, disoriented and 
semicomatose, March 25, with a terminal temperature 
of 106.7 F. 

Laboratory Data.—Urinalysis repeatedly gave normal 
results, and the Wassermann reaction of the blood was 
negative. The hemoglobin content of the blood ranged 
from 11.1 to 14.9 Gm. per hundred cubic centimeters. 
Erythrocyte counts, varied between 3,700,000 and 5,100,- 
000 cells per cubic millimeter of blood. Examination 
of marrow, obtained by sternal puncture, revealed 
moderate cellularity; there was slight reduction of the 
myeloid elements but normal distribution. The red 
cell series was normal. Many tuberculin tests made 
with dilutions of 1: 10,000 and 1:1,000 gave no re- 
actions. There were repeated, strongly positive reactions 
to coccidioidin (0.1 cc. of a 1: 1,000 dilution); the site 
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of injection was marked by an area of erythema 4 cm. 
in diameter with an indurated center 2 cm. in diameter. 
Material from the lesions on the legs was cultured 
on Sabouraud’s medium and other mediums and was 
inoculated into guinea pigs (intraperitoneally and intra- 
testicularly) ; Coccidioides in particular was searched 
for. No mycotic or acid-fast forms were found, 
although both Staphylococcus albus and Staphylococcus 
aureus were encountered, some of which were coagulase 
positive. A portion of material from the nodule in the 
breast was also cultured and inoculated into guinea 
pigs, with negative results. 

The following agglutination tests gave negative 
results: typhoid bacilli (H and O), paratyphoid bacilli, 


Bacillus suipestifer, Brucella abortus, Brucella suis, 
Brucella melitensis, Bacillus tularensis and Bacillus 
proteus x19. The reaction to brucellergin in a 


cutaneous test with 0.1 cc. of antigen was negative. 
Cultures of stools yielded no organisms of the typhoid- 
dysentery group. Chemical examinations of the blood 
gave the following values: protein, 5.2 to 5.7 Gm.; 
calcium, 8.3 mg.; phosphorus, 3.9 mg.; sugar, 82 to 
93 mg.; urea, 18 to 21 mg., and cholesterol, 188 mg. 
per hundred cubic centimeters. The phosphatase content 
of the blood was 6.7 units (Bodansky). 

White blood cell counts showed leukopenia during 
*xacerbations of the disease, despite complications such 
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lymphocytes or large stellate, spindle or rounded 
elements resembling macrophages. Mitotic figures, 
some of which were of the radial “burst” type, were 
present in the cells of the inflammatory infiltrate. 
Occasional large elements somewhat resembling Reed- 
Sternberg cells and a rare giant cell were also seen. 
Relatively few of the many macrophages contained fat ; 
collections of them filled occasional lymphatics. Some 
epithelioid cells clustered in granuloma-like concentric 
rings about empty spaces which suggested that fat had 
been dissolved from them. Other little granulomas 
resembled tubercles, with central necrosis and frag- 
mentation of chromatin. Some foci of liquefaction were 


present. A variety of special stains failed to reveal 
bacterial or mycotic organisms, including acid-fast 
forms. 


The septums of connective tissue between the fat 
lobules were unmistakably less involved than the fat 
lobules themselves, although they did show some edema, 
exudation of fibrin and cellular infiltration. In the 
dermis the adipose tissue about the appendages was 
inflamed. The wall of a large vessel coursing in a 
fibrous septum showed cellular infiltration, edema and 
slight disorganization of the lamellas. There were 
concentric rings of proliferated adventitial cells around 
other vessels. These changes did not suggest primary 
arteritis or phlebitis; they were probably secondary to 


Representative Blood Counts During Remissions and Relapses 











Polymorphonuclear 





Leuko- Leukocytes, per Cent Lympho- Mono- Eosino- Baso- Blood 
cytes per — —~_——.,, cytes, per cytes, per phils, per phils, per Platelets pe 
Date Condition Cu. Mm. Immature Adult Cent Cent Cent Cent Cu.Mm. 
July 1938 Lesions active 2,200 46 9 37 6 1 1 365,000 
Oct. 1938 Improvement 3,600 24 26 32 16 1 1 
Nov. 1940 Septicemia.. 1,700 24 18 52 2 2 2 167,000 
See. 1940 Improvement 4,300 30 15 39 10 ‘a 6 408,000 
Nov. 1941 Relapse.... 2,500 2 4 47 7 141,000 
_ as the staphylococcic septicemia. The table lists some the inflammation of the fat. Inflammation and 
typical counts. The number of blood platelets also thrombosis of vessels were evident in the wall of the 
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decreased during relapses, but the sedimentation rate 
was never elevated. It varied between 4 and 10 mm., 
with a packed cell volume of 32 to 36 per cent. 

Biopsies—Biopsy of an open lesion on the right 
leg and of a subcutaneous nodule from the left thigh 
was made July 25, 1938. There was chronic granu- 
lomatous inflammation predominantly involving the 
subcutaneous fat lobules. ‘Round cells and large mono- 
nuclears were most abundant. The dermis was far less 
involved than the underlying fat. Cystic epithelial 
structures which represented either keratinizing epi- 
dermal inclusions or dilated follicles plugged with 
keratin were seen in relation to the epidermis. 

A specimen obtained from a nodule in the left breast 
Nov. 3, 1941 showed only a few large mononuclear 
cells and lipoid phagocytes. The section studied was 
probably not representative since most of the lesion was 
used for culture and for animal inoculation experiments. 

Material was taken from the edge of the large ulcer 
on the left thigh March 4, 1942. Sections showed a 
partially necrotic, ulcerated epithelial surface lined by 
dense connective tissue heavily infiltrated with poly- 
morphonuclear leukocytes. Away from the ulcer the 
inflammatory process was most intense in the fat lobules, 
which showed considerable destruction of the normal 
adipose tissue accompanied by cellular infiltration and 
proliferation (fig. 1). There were relatively few poly- 
morphonuclear leukocytes; most of the cells were 





ulcer. Spreading down from the surface epithelium and 
extending between the collagenous bundles of the 
dermis was an extensive infiltration of cords and 
strands of squamous epithelial cells. Many of the 
infiltrating cell cords appeared to be arranged along 
the course of a hair follicle. The cells showed mitotic 
figures and foci of keratinization. 

Autopsy—On the legs were a number of depressed, 
atrophic pigmented scars. The most striking feature 
was a foul-smelling ulcer, 15 cm. in diameter, on the 
medial surface of the left thigh just below the gluteal 
fold. The surrounding tissue was indurated, swollen 
and purple-red. The necrotic ulcerative lesion pene- 
trated deeply into the underlying tissues and extended 
upward as a fluctuant subcutaneous swelling beneath 
the inguinal ligament. The overlying skin was dis- 
colored, and there were several sharp-edged perfora- 
tions about the main ulcer. The abdominal wall was 
thickened in the left lower quadrant by extension of 
the process. The muscle and fibrofatty tissues, which 
were hemorrhagic and softened, contained pockets of 
purulent exudate; these changes were observable 
through the intact parietal peritoneum. The left 
inguinal nodes were enlarged, firm and embedded in 
indurated fat, but there was no generalized adenopathy. 

The pericardial sac contained 200 cc. of clear fluid 
with a green tinge. The fluid was tested for bile, with 
negative results. At the apex of the left lung, beneath 
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a solitary fibrous adhesion, there was a_fibrocalcific 
nodule 0.4 cm. in diameter. At the base of the right 
lung was a subpleural hemorrhagic patch 0.5 cm. in 
diameter. The bronchial mucosa was reddened and 
roughened. The liver, which weighed 2,200 Gm., con- 
tained a single ill defined yellow focus 1 cm. in 
diameter, bulging from the cut surface. The heart 
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the involved portion of the abdominal wall and the 
spleen all yielded a coagulase-positive variety of Staph. 
aureus. 

Microscopic Examination.—Thigh : The epidermis was 
elevated from the hyperemic papillae by edema and was 
missing in some places. A few keratotic plugs were 
present, and one hair follicle was surrounded by radiat- 


- 


Fig. 1—Inflammation of a fat lobule in a biopsy specimen removed from the thigh. 


Fig. 2.—Scar of a healed lesion from the leg. 


weighed 280 Gm.; the spleen, 350 Gm.; each kidney, 
about 200 Gm., and the brain, 1,400 Gm. No gross 
abnormalities of these organs were evident. The bone 
marrow, the endocrine glands and the gastrointestinal 
and genitourinary systems appeared normal. 
Bacteriologic Examinations—Cultures of the blood 
taken from the heart post mortem and material from 


ing streamers of hyperplastic epithelium comparable to 
those seen in one of the biopsy specimens. The ulcer 
was lined by necrotic hemorrhagic tissue which was 
infiltrated with polymorphonuclear leukocytes and con- 
tained thrombosed vessels. Away from the ulcer the 
lobules of adipose tissue beneath the intact epidermis 
were infiltrated by inflammatory cells. The fat sur- 
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rounding the dermal appendages was similarly involved. 
The cells, which were predominantly large mono- 
nuclears and macrophages, were concentrated especially 
about the margins of the lobules. The intervening 
fibrous septums were much less heavily infiltrated than 
the fat. The macrophages contained red cells, lympho- 
cytes, polymorphonuclear leukocytes, chromatin debris 
and a few fatty vacuoles. There were occasional 
eosinophils, polymorphonuclear leukocytes and a few 
rounded hyaline acidophilic bodies. 

Abdominal Wall: The muscle and the fibrofatty 
tissues were infiltrated with polymorphonuclear leuko- 
cytes and mononuclears. Focal hemorrhage, necrosis 
and suppuration were present. Gram-positive cocci were 


noted. About some oi the vessels there were concentric 
lamellas of proliferated adventitial cells and fibro- 
blasts. 


Inguinal Node: The tissue was depleted of lympho- 
cytes, but there was hyperplasia of the reticuloendothelial 


cells, many of which contained hemosiderin. The 
sinusoids were wide and contained many red cells, 
primitive lymphoid cells, large mononuclears and 


eosinophils. There were macrophages containing red 
cells, leukocytes, nuclear debris and vacuoles. A few 
eosinophilic bodies resembling those in the thigh were 
seen. 

Scar on the Leg: The section was taken from the 
site of an involuted nodule. The atrophic epidermis 
dipped down over a fibrous scar which replaced the 
dermis and underlying adipose tissue (fig. 2). 

Lungs: There was a fibrinopurulent exudate in the 
bronchi, and a few patches of bronchopneumonia were 
noted. The hemorrhagic nodule seen grossly proved to 
be a miliary septic infarct with a central vessel which 
was plugged by fibrin and contained masses of gram- 
positive cocci. The surrounding tissue was necrotic. 
The apical fibrohyaline and calcific nodule enclosed a 
few ovoid refractile bodies resembling empty spherules 
of coccidioides. 

Adrenal Gland: Foci of round cells and groups of 
pleomorphic cells were observed. There were groups 
of swollen vacuolated cortical cells, most abundant in 
the zona fasciculata. They did not contain fat and 
resembled the cells described by Miller and Kritzler. 

Liver: The hepatic cells contained considerable fat 
in large droplets, especially in the portal regions. The 
nodule seen grossly was composed of disorganized liver 
cords in which almost all the cells were fatty. Con- 
gestion, hemorrhage and agglutination of red cell masses 
in the sinusoids were noted within the nodule but not 
elsewhere in the liver. 

Other Organs: A scattering of large mononuclears 
was found in several places: in the peripancreatic and 
intrapancreatic adipose tissue, the fat around the pelvis 
of the kidney, the periadrenal tissue, the breast and 
the interstitial tissue of the myocardium. In the heart 
were rare minute foci of fibrosis. A small thrombus 
partially filled the lumen of a renal vein. The spleen 
showed congestion and phagocytes containing red cells 
and hemosiderin. Marrow from several sites revealed 
no change other than a slight reduction in the number 
of myeloid elements and mild hemosiderosis. 


Leukopenia was more pronounced in this case 
than in any of those previously reported, the 
lowest leukocyte count hitherto mentioned being 
1,850. The sedimentation rate was never ele- 





3. Brill, I. C.: Relapsing Febrile Nodular Non- 
suppurative Panniculitis (Weber-Christian Disease), in 
Medical Papers Dedicated to Henry Asbury Christian, 
Baltimore, Waverly Press, Inc., 1936, pp. 694-704. 


vated despite severe infection and high fever. 
Although the ulceration of subcutaneous nodules 
which occurred is not usually present in cases of 
panniculitis, this feature has been described in 
an occasional report. 


The patient obviously died of staphylococcic 
septicopyemia and not of panniculitis as such. 
The susceptibility to staphylococcic infection may 
be of no special significance, but staphylococci 
were also cultured from an ulcerated lesion in 
the Miller-Kritzler case. The repeatedly positive 
reactions to coccidioidin in cutaneous tests were 
explained by the healed primary lesion of 
coccidioidomycosis observed in the lung. 

Despite the phagocytosis of red cells, lympho- 
cytes and leukocytes by macrophages in the 
pannicular lesions and in the regional lymph 
nodes, there was surprisingly little stainable 
lipoid material in the phagocytes. Few foam 
cells and no crystals were observed. Mitotic 
figures were abundant in the cells of the inflam- 
matory exudate. The pseudoepitheliomatous 
hyperplasia of the epidermis at the edges of the 
ulcer on the thigh was far more extreme than is 
usually seen even in chronic ulcers of the legs. 

The pathologic alterations in the viscera 
yielded no light as to the essential nature of the 
disease. Changes in visceral adipose tissue, such 
as those described by Spain and Foley,”* were 
not seen. It is not clear what significance, if any, 
may be attached to the focal lesions in the adrenal 
cortex observed in both the Miller-Kritzler and 
the present case. 

In making a histologic diagnosis of panniculitis 
one must first distinguish between those con- 
ditions which involve the fat lobule only secon- 
darily and those in which the adipose tissue is 
primarily affected. 

Nonspecific inflammatory lesions, such as 
cellulitis, may extend into adjacent fat, but such 
a picture is rarely misinterpreted. Although 
erythema nodosum and erythema induratum may 
be characterized by exudative and granulomatous 
inflammation of the subcutaneous adipose tissue, 
the fibrous septums separating the fat lobules 
and the connective tissue of the dermis are in- 
volved as severely as the fat. Clearly defined 
tuberculoid granulomas and angiitis are com- 
monly seen in the erythemas but are not present 
in cases of panniculitis. In cases of true pannic- 
ulitis, on the other hand, one is struck by the 
localization of the exudative and proliferative 
reaction to the fat lobule itself. The interlobular 
fibrous septums may be thickened, but they are 
relatively spared. It can be seen that the in- 
volvement of the dermis which does exist is due 
to inflammation of the adipose tissue about the 
appendages and accessory structures. 

There is primary involvement of the fat 
lobules in a few conditions besides Weber- 
Christian disease. Traumatic fat necrosis may 
closely simulate primary panniculitis. In differ- 
entiating the two conditions the possibility that 
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one is dealing with a post-traumatic reaction can 
be excluded if multiple and recurrent lesions 
appear spontaneously and are unrelated to 
trauma. Although neonatal adiponecrosis * and 
some reactions to cold® may also resemble the 
lesions of panniculitis, usually they may be easily 
differentiated. However, in a recently studied 
case of “cold allergy”,® a histologic appearance 
indistinguishable from that of Weber-Christian 
disease was encountered in a section of a nodule 
produced by the application of ice to the forearm. 
Systemic diseases may involve the subcuta- 
neous adipose tissue and result in apparent pan- 
niculitis. A case of Hodgkin’s disease has been 
reported * in which the diagnosis of Weber- 
Christian disease was made at first because of 
the appearance of the cutaneous lesions. Pannic- 
ulitis has also been noted in a case of Chagas’ 
disease in which Schizotrypanum cruzi was 
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identified in the granulomatous lesions in the 
subcutaneous fat.® 

It is recognized that the present case is not 
entirely typical of Weber-Christian disease as 
originally described. It probably should be 
grouped with other cases ° in the literature which, 
while not altogether characteristic of the fully 
developed syndrome, are best considered as in- 
stances of primary panniculitis. Until more is 
known of the genesis of Weber-Christian disease, 
it might be well to broaden the diagnostic criteria 
and include in this category all cases in which 
primarily the subcutaneous fat lobule is involved 
by an idiopathic inflammatory process. 
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gaciones sobre enfermedad de Chagas: Comprobacion 
en adulto, de citoesteatonecrosis subcutanea chagasica 
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S. cruzi, Publication 48, Universidad de Buenos Aires, 
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biol. 6:723, 1925. Abrikossoff, A.: Centralbl. f. allg. 
Path. u. path. Anat. 38:542, 1926. Morone, G.: Clin. 


chir. 32:25, 1929. Carol, W. L. L.; Prakken, J. R., and 
van Zwijndregt, H. A.: Arch. f. Dermat. u. Syph. 
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TWO CASES OF CONGENITAL WEB OF A BRONCHUS 


James E. WALLACE, 


The discovery of 2 cases in which emphysema 
in one lung and collapse in the other were asso- 
ciated with a small congenital web occluding the 
main bronchus on the collapsed side led to 
interest in the condition; for it appeared that 
if it could be diagnosed during life, the occlud- 
ing membrane might be punctured and the con- 
dition completely cured. 

Search of the literature failed to reveal any 
adequate reviews of the anomaly; in fact, I was 
able to find little on the subject. 


REPORT OF CASES 


CAsE 1.—A 3 month old white girl was admitted to the 
Allegheny General Hospital from the Pittsburgh Home 
for Babies Feb. 18, 1944, with a chief complaint of 
peculiar respirations. 

It had been noticed that she had peculiar respirations 
since she was admitted to the Pittsburgh Home for 
Babies. She cried considerably before feeding and had 
difficulty with the mechanics of feeding. She was 
lethargic immediately after feeding. Roentgen exami- 
nation Jan. 28, 1944, at the Allegheny General Hos- 
pital showed complete atelectasis of the right lung 
The left lung protruded into the right hemithorax, and 
the heart was on the right side of the chest. There 
were small congenital anomalies of the dorsal and cer- 
vical vertebrae. 

There had been no nursing difficulties other than 
mechanical, and the child had been developing normally. 

The examination showed a peculiar wheezing type 
of respiration, but there was no dyspnea. Breath sounds 
were reduced or absent on the right side and normal 
on the left. The cardiac point of maximum impulse 
was in the midline. There were no observable mur- 
murs. The patient had a weak, high pitched cry. There 
was bilateral edema as well as bilateral cyanosis of 
the hands, the face and the lips; otherwise the child 
was essentially normal. 

Bronchoscopy was done February 23 without the aid 
of anesthesia. A bronchoscope designed for use in 
newborn infants was introduced through a laryngoscope, 
similarly designed, into the trachea. A large amount 
of thick mucoid secretion was aspirated. This con- 
tinued to be present in such amounts that definite 
landmarks could not be ascertained. After continuous 
aspiration of the discharge, the bronchoscope was re- 
moved without anything being observed that would 
suggest a diagnosis. The patient left the operating 
room in good condition but died February 25. 

The autopsy revealed: congenital atelectasis of the 
right lung; a congenital web of the right main bronchus 
between the superior and medial branch bronchi; hyper- 
trophy of the left lung, compensatory empyema, patchy 
atelectasis and hypostatic congestion of the left lung, 
mucopurulent bronchitis; dextroposition of the heart; 
a patent foramen ovale; a cystic right ovary. 

The thymus measured 5 by 4 by 1.5 cm. It covered the 
entire right lung. The left lung was emphysematous 
and edematous. The heart was in the position nor- 
mally occupied by the right lung, and the apex was 
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pointed dextrally. The heart, both arches of the aorta, 
the trachea, the bronchi and the lungs were removed 
en masse. The left lung measured 11 by 18 by 4 cm. 
There was a small area of atelectasis in the apex. 
Most of the lung was crepitant, but the base showed 
a marked amount of edema. The right lung measured 
5 by 3 by 2 cm. It appeared to be solid except for 
a small air-containing bleb in the apex. The vocal 
cords were injected and slightly edematous. There 
was a mucous plug measuring 2 cm. in length in the 
trachea. 

The bronchus of the upper lobe of the right lung 
was visible and patent throughout. Immediately below 
the opening of this bronchus the main bronchus was 
completely occluded by a thin congenital web. On per- 
foration of the web the bronchi to the middle and 
lower lobes couold be seen. They were patent through- 
out. The bronchi to the left lung were injected and 
contained some mucopurulent material but were other- 
wise essentially normal. 

The right ovary measured 2 by 2 by 1 cm. and was 
made up of multiple small cysts. Otherwise the autopsy 
yielded essentially normal observations. 


Case 2.—A Negro girl was born in Allegheny General 
Hospital by cesarean section. The routine respiratory 
stimulation was given, but the baby did not respond 
well. Her breathing was shallow and the cry weak 
and feeble. There was bilateral edema as well as 
cyanosis of the hands, the face and the lips. Plasma 
was given subcutaneously without the expected results. 
The baby was lethargic, continued to go downhill and 
died the following day. 

The autopsy revealed: congenital atelectasis of the 
left lung and congenital web of the left main bronchus ; 
ecchymotic hemorrhages in the submucosa of the gas- 
trointestinal tract; small multiple hepatic hemorrhages ; 
ecchymotic hemorrhages in the submucosa of the 
bladder. 

The left lung was considerably smaller than normal. 
The heart, the aorta, the trachea, both bronchi and 
both lungs were removed en masse. The heart and the 
aorta were dissected away and were found to be essen- 
tially normal. The trachea was apparently normal. 
On section the left main bronchus was closed by a 
thick fibrous congenital web about one-half way be- 
tween the bifurcation of the trachea and the hilus of 
the left lung. The web was dense and hard. After 
the web was perforated, the remainder of the bronchial 
tree seemed to be normal. The left lung weighed 
44 Gm. and measured 5.5 by 5 by 2 cm. It was solid 
and sank immediately in water. The right lung weighed 
43 Gm. and measured 7 by 5 by 2 cm. It floated high 
in water and was crepitant throughout. The right 
lung was essentially normal. 

The liver weighed 150 Gm. and measured 12 by 8.5 
by 3 cm. On section it was soft and showed many 
small hemorrhagic areas. 

The gastrointestinal tract was normal except for 
punctate hemorrhages in the submucosa throughout its 
length. There were hemorrhages of a similar type in 
the mucosa of the urinary bladder. 


Symptoms common to both cases were the 
weak cry, the constant crying before feeding, 
the lethargy after feeding, the wheezing respi- 
rations, the absence of breath sounds on the 
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affected side, the cardiac point of maximum 
impulse with deflection toward the affected side, 
the bilateral edema and cyanosis of the hands 
and feet, the edema and cyanosis of the lips and 
the difficulty with the mechanics of feeding. 


COM MFNT 


A congenital web may produce complete or 
almost complete occlusion and may occur either 
in the larynx or in one of the main bronchi. 
In either instance complete occlusion occurs 
when the membrane is imperforate, and the 
condition is then called total atresia. A con- 
genital web is usually a thin membrane-like 
diaphragm, which is easily broken. The cause 
is unknown but is probably atavistic. 

The laryngeal web is usually located at or 
near the glottic level, almost always at the an- 
terior portions, uniting the two cords to a greater 
or a lesser extent. Posteriorly there is a some- 
what crescentic margin of the airway. Infec- 
tion of the pulmonary tract soon develops as 
a result of impaired action of the glottis in the 
bechic cycle. 

The symptoms depend on the location of the 
web and the amount of occlusion. When the 
web is laryngeal and small in size, the only 
symptom may be a wheeze, so slight as to be 
overlooked until swelling of the glottic margins 
in intercurrent laryngitis increases the obstruc- 
tion and causes dyspnea. The lesser webs may 
produce little interference with the laryngeal 
functions. Larger webs, on the contrary, may 
interfere with respiration, phonation, defense 
and bechic expulsion, bringing about dyspnea, 
stridor, hoarseness and severe pulmonary symp- 
toms. Therefore the symptoms of partially 
occluding laryngeal webs may vary from a slight 
wheeze, apparent only on exertion, to those of 
obstructive laryngeal dyspnea leading to indraw- 
ing of the suprasternal notch and the epigas- 
trium. 

The infant with a completely occluding laryn- 
geal web dies of asphyxia as a “blue baby”; 
such patients are rarely seen except by the 
obstetrician. 

Webs of the bronchi may be symptomless if 
confined to one side, but usually a wheeze is 
audible if the examiner’s ear is placed close to 
the open mouth. 

There is only one way of making the diag- 
nosis during life and that is by looking at the 
interior of the larynx or of the bronchus. 
Any attempt at diagnosing a web by inference 
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may jeopardize the life of the patient. When 
inferential methods are relied on the disease is 
often mistaken for asthma, congenital laryngeal 
stridor, diphtheria, posticus paralysis or laryn- 
gismus stridulus. If the patient is under 5 or 
6 years of age, the only way a laryngeal exami- 
nation can be made is by direct laryngoscopy, 
which will at once reveal a web if one is present. 
With older children and adults the mirror has 
been used, but these are the patients with 
smaller webs. Moreover, it is not always easy 
to differentiate between an anomaly and changes 
due to diphtheria, syphilis, tuberculosis, a foreign 
body or other postnatal cause. 

Complications may occur as the result of any 
acute or chronic inflammatory disease, by in- 
crease of the stenosis itself or by failure to clear 
the tracheobronchial tree of secretions. This 
failure is due not only to the diminution of the 
lumen but to failure of glottic cooperation in 
the bechic cycle. 

The congenital bronchial web is usually accom- 
panied by a wheeze heard at the open mouth 
if the bronchial obstruction is partial, and by 
physical and roentgenographic signs if it is com- 
plete. The bronchoscope affords the only certain 
means of diagnosis. 

A thin web of the larynx may be ruptured by 
passing the triangular dilator through the open- 
ing. Sometimes the simple passage of the bron- 
choscope may be sufficient. Perforation and 
bronchoscopic dilation will cure congenital bron- 
chial web in most cases if done in infancy or early 
childhood. 

SUMMARY 


In the 2 cases of congenital web of the bron- 
chus herein reported the diagnosis was made 
at autopsy. The malformation may not be as 
rare as the meager literature would indicate. 
Careful clinicians observing the signs and symp- 
toms may be instrumental in maintaining the life 
and insuring better health of the patient by use 
of the bronchoscope. 

The prosector who discovers inequality in the 
size of the lungs, particularly if this is accom- 
panied by cyanosis and edema of the lips, the 
hands and the feet, should examine the larynx 
and the main bronchi for possible congenital 
webs. The procedure if carried out routinely 
might serve to explain other obscure deaths in 
infants. 


Bibliographic references will be found in author’s 


reprints. 
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For some time there has been a great need 
for a good, reliable, nonfading routine tissue 
stain demonstrating hemoglobin. Ralph? de- 
scribed a stain making use of the benzidine- 
hemoglobin reaction which has been useful but 
which for several reasons did not fulfil our 
purpose. The brown color of the hemoglobin in 
Ralph’s stain interfered with the visualization of 
the products of hemoglobin degeneration ? so 
that a separate section had to be cut and stained 
for this purpose alone. For these reasons it 
seemed that a stain based on a slight modification 
of a routine method which gave to hemoglobin a 
bright distinctive color would be most desirable 
and practical. 

In the course of experiments on the staining 
of hemoglobin casts in the kidneys of mice 
dying two to twenty-four hours after acute mas- 
sive hemoglobinuria, just such a stain was de- 
veloped by one of us (FE. C. T.). It was also 
found, by considerable trial and error, that after 


4. Transfer to a 4 per cent aqueous solution of ferric 
ammonium sulfate (iron alum, violet crystals, reagent 
quality) for one minute. 


5. Wash lightly in tap water. 

6. Stain in aqueous alum-hematoxylin (0.25 per cent 
in 5 per cent alum) ten minutes. 

7. Rinse quickly in tap water. 

8. Stain in Van Gieson’s solution.* (13 cc. 1 per cent 


acid fuchsin, 87 cc. saturated aqueous picric acid [tri- 
nitrophenol] fifteen minutes). 

9. Transfer directly to 95 per cent ethyl alcohol for 
three minutes. Agitate slides. 


10. Transfer to absolute ethyl 
minutes. 


alcohol for three 


11. Clear in xylene and mount in clarite. 


Fixation.—For routine use, neutral buffered formalde- 
hyde solution is best, but in bone marrow and spleen the 
cell detail is better with Zenker’s solution or Helly’s 
fluid.4@ Tissues must be fresh and well fixed. As with 
myelin, hematoxylin staining of hemoglobin appears to 
be impaired by prolonged standing in formaldehyde 
solutions. See later comment on Carnoy’s fluid under 


“& a short preliminary procedure requiring ten to staining of muscle. 
“ , twelve minutes the routine Van Gieson stain Interpretation of Staining—Hemoglobin in red blood 
could be done on the same paraffin section with- cells; hemoglobin casts in the kidney ; fine and coarse 
vie out any of the valuable characteristics of either globules of hemoglobin in reticuloendothelial cells of 


stain being lost. Therefore, if the Van Gieson 
stain is done routinely, no extra section is 
needed. No control slide is needed, as the 
erythrocytes in blood vessels also stain; they 
serve as a check on the stain and as a quick, 


the spleen, the liver, the bone marrow and the epithelial 
cells of the convoluted tubules of the kidney all stain 
a green color that varies from a light olive green to 
deep pea green or blackish green, depending on the 
hemoglobin content. This color is fairly stable. In 
slides kept six months in the dark there was little 


< , . ° ° . fading 
always available standard for colorimetric com- fading. , : : r : 
_} 4 parison. Collagen stains red, as in the routine Van Gieson 
STAINING PROCEDURE = 
. i ; oF: OBSERVATIONS AND COMMENT 
+ 1. Bring sections to water. Use a glass staining dish. f iy 
4 2. Stain in aqueous alum-hematoxylin ® (0.25 per cent During the examination of the organs of 
in 5 per cent alum) fifteen minutes. animals used in this study, other observations 
» 3. Wash in tap water. were made which may be of value to one using 
ee this stain. 
: » Pp ov I: ratory '® * ‘ o . ‘ 
- From the Pathology Laboratory (R. C. Dunn) and With reference to casts in the renal tubules 
the Industrial Hygiene Research Laboratory (E. C.  ¢ojjowing massive hemoglobinuria, a few of the 
~}- Thompson), National Institute of Health. oe tas - ™ 
1. Ralph, P. H.: Stain Technol. 16:105, 1941. 4. Mallory,? p. 92. See Van Gieson’s picro-acid 
-— 2. Svirbely, J. L.; Dunn, R. C., and Von Oettingen, fuchsin solution. 
i W. F.: J. Indust. Hyg. & Toxicol. 26:37, 1944. 4a. Helly’s fluid is a modification of Zenker’s solu- 





3. Mallory, F. B.: Pathological Technique, Phila- 
delphia, W. B. Saunders Company, 1938. 
alum hematoxylin, p. 70. 


See aqueous 


tion in which, instead of 5 cc. of glacial acetic acid, 
solution of formaldehyde U. S. P. is added in the con- 
centration of 5 per cent. 
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eosinophilic casts occasionally do not stain green, 
but brown to brownish red. These casts will 
also not reveal hemoglobin after Ralph’s benzi- 
dine stain. In this case we are convinced that no 
hemoglobin is present. However, in routine 
studies to determine toxicity in animals without 
hemoglobinuria, we have often found that ordi- 
nary eosinophilic hyaline casts are partially or 
completely green, indicating that some hemo- 
globin is present. “Old” hemoglobin casts, such 
as those observed in animals one to several weeks 
after poisoning, are often weakly eosinophilic 
and granular or globular. These are apparently 
degenerating and do not stain green like “fresh” 
hemoglobin, but light brownish yellow. 

In the convoluted tubules of guinea pig kid- 
neys we have repeatedly demonstrated species- 
specific triangular oxyhemoglobin crystals simi- 
lar to those pictured as oxyhemoglobin crystals 
from guinea pig blood by Reichert and Brown.® 
This constitutes sufficient proof that the cast ma- 
terial in the same tubule is hemoglobin. 

In the livers of animals with acute toxic hemo- 
globinuria a few to moderate numbers of hyper- 
oxyphilic (eosin—-methylene blue) hepatic cells 
will often stain deep green. Less often, eosino- 
philic hyaline globules in the cytoplasm of liver 
cells have been found to. be green tinged, and 
epinuclear green staining of smooth muscle fibers 
in the portal arteries has also been noted. 
Single and grouped fibers in the hearts of 
these animals often stain green. They occasion- 
ally resemble in appearance and location the 
Purkinje fibers described and pictured by Todd.* 
5. Reichert, E. T., and Brown, A.: 
ography of Hemoglobins, Publication 
Institute of Washington, 1909. 

6. Todd, T. W., in Cowdry, E. V.: Special Cytology, 
New York, Paul B. Hoeber, Inc., 1932, vol. 2, pp. 1175- 
1210. 
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Other green-stained cells, single or grouped, oc- 
casionally interconnected, are often seen in the 
ventricular myocardium. A few to many of 
these cells were seen in routine sections from 
all but a few animals with acute hemoglobinuria. 
That Purkinje cells should stain is not surpris- 
ing, since Todd recommended the iron hema- 
toxylin procedure, which is the essential basis 
for the hemoglobin stain. If the green staining 
of these fibers is due to hemoglobin taken up 
from the blood, how does the cell take up this 
pigment? Of course, the cell wall may be in- 
jured, but according to Todd, “It would seem 
that the Purkinje element is endowed with 
phagocytic properties for disintegrating 
leukocytes have been observed in Purkinje cells. 
Another question that most certainly will occur 
to many is whether or not green staining indi- 
cates damage to the cell. 

Todd inferred that the study of Purkinje cells 
in normal human hearts is difficult, while in some 
hearts from persons with pathologic states 
(pneumonia, syphilis) they are studied and 
stained with comparative ease. In fact, he says 
it is necessary to study the abnormal heart to 
understand the normal Purkinje system. Since 
we have never yet seen green-stained fibers in 
the heart of a normal animal, there is a strong 
possibility that green staining is indicative of 
damage. 

As yet we have studied skeletal muscle in 
only a small series of animals. .However, while 
we have never observed green-stained fibers in 
normal muscle fixed in solution of formaldehyde, 
we have observed them in muscle showing evi- 
dence of damage following fixation in Carnoy’s 
fluid. 
staining and the status of myoglobin in the cell 
has not been determined. 


7. 


The possible relationship between green ° 
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The second main group of arteriosclerotogenic 
agents which elicit changes in the blood pres- 
sure comprises those which exert their hypo- 
‘tensive or hypertensive action through causing 
variations in the degree of filling of the vascular 
lumens with blood and thus influence the intra- 
vascular hydrostatic pressure. Mention of the 
action of this arteriosclerotogenic mechanism as 
a complicating factor was made in the preceding 
discussions of the vascular lesions observed in 
connection with several hypertonic types of 
arteriosclerosis (thromboangiitis obliterans, Ray- 
naud’s disease, and renal and essential hyper- 
tension). 





Hydrostatic and hydrodynamic factors which 
«}, reduce the intravascular pressure by decreasing 
the amount of blood delivered into a particular 
part of the vascular system produce a local or a 
J general hypotensive state in small or in large 
portions of the vascular bed. Hence the vascular 
bed becomes relatively too large for the amount 
of blood available in spite of maximum contrac- 
tion of the muscular media. There ensues a re- 
duction in blood supply and in pulse pressure 
which in turn results in ischemic anoxemia of 
the vascular walls. Under such conditions the 
main functional strain rests on the muscular ele- 
ments, while the elastic components of the wall 
: are relaxed and suffer rather from disuse if the 
causal conditions are of long duration. 
Decreased intravascular hydrostatic pressure 
. is the result of physiologic and pathologic fac- 
tors. The physiologic mechanism of disuse of 
certain parts of the vascular system becomes 
operative when the circulation changes after birth 
from the fetal, umbilical type to the postnatal, 
- pulmonary type, and it is active in the uterus 
and the ovaries in connection with the physiologic 
involutionary changes of the female gonads after 
. menstruation, pregnancy and especially the meno- 
pause. Pathologic factors of this type affect the 
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distal portions of ligated or thrombosed vessels, 
those parts of the arterial bed distal from arterio- 
venous aneurysms or from intra-arterial obstruc- 
tions or stenoses, and arteries located in scar 
tissue. 

ENDOGENOUS MECHANISMS.—Postnatal In- 
volutionary Sclerosis of the Arteries of the Um- 
bilical Circulation.—When, with the beginning of 
the respiratory movements after birth, the pul- 
monary circulation is opened, the pulmonary ar- 
tery no longer sends its blood through the ductus 
arteriosus Botalli into the aorta but delivers it 
into the pulmonary vessels. As a result of this 
change in the circulatory conditions, the ductus 
arteriosus collapses, and the pressure in the 
aorta, which after this event receives blood only 
from the left ventricle, becomes insufficient to 
press blood into the umbilical arteries (Thoma; 
Ranke). The ductus arteriosus and the umbilical 
arteries therefore contract, undergo atrophic 
changes on the basis of disuse and usually ob- 
literate within the course of the first few months 
of life. ; 

With the complete or almost complete disap- 
pearance of the intravascular hydrostatic pres- 
sure there ensues in the ductus arteriosus a 
fibrous proliferation of the intima and the media 
associated with a simultaneous atrophic degen- 
eration of the muscle cells (Bell; Benda; Kauf- 
mann ; MacCallum). Pfeifer reported an increase 
in the medial elastic tissue accompanying these 
changes. The lumen of the collapsed vessel fi- 
nally becomes occluded by fibrous tissue. The 
elastic elements in the media disintegrate gradu- 
ally, and fibrohyaline scar tissue takes the place 
of the original vessel. 

Similar changes occur in the umbilical arteries, 
whose structure resembles that of the uterine 
arteries. The umbilical arteries contract after 
the ligation of the umbilical cord. On the second 
day thereafter a focal swelling of the endothelial 
cells develops, followed by the appearance of 
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fibrinoid deposits. A few days later fatty dust 
appears in the subendothelial layer and in the 
swollen muscular media. With the subsequent 
necrosis of the media, the vascular lumen becomes 
dilated. The internal elastic membrane also un- 
dergoes swelling and homogenization. From the 
third week on fibroblasts appear, which prolifer- 
ate into the plasmatic matter filling the lumen. 
This filling tissue becomes vascularized by for- 
mation of capillaries. Following gradual disap- 
pearance of the latter a fibrohyaline tissue is left, 
which also takes the place of the degenerated and 
sometimes calcified media. 


In cases in which the umbilical arteries do not 
become obliterated, a loose fibroblastic tissue is 
formed between the endothelium and the internal 
elastic membrane. Marked elastosis, which is 
similar to the lamellated elastosis seen in renal 
vessels of nephrosclerotic kidneys, then appears 
between the longitudinal muscle bundles, which 
undergo gradual degeneration and replacement 
by fibrous tissue (Schallock ; Kaufmann; Pfeifer ; 
Thoma). Finally a new internal elastic mem- 
brane may develop beneath the endothelium. 
These changes resemble those seen in the uterine 
arteries during senile involution, in arteries in 
the environment of chronic gastric ulcers and 
in endarteritis obliterans. 


Occasionally the obliterating type of involution 
of the umbilical arteries is complicated by the 
appearance of a diffuse serous imbibition of the 
entire wall, sometimes associated with precipita- 
tion of fibrinoid material and infiltration of leuko- 
cytes. These changes have a definite similarity to 
the arterionecrotic and necrotizing arteriolitic 
lesions observed in periarteritis nodosa, rheu- 
matic arteritis, malignant nephrosclerosis and 
accelerated glomerulonephritis (Schallock). 

The different types of reactions described re- 
flect to a certain degree the various arterio- 
sclerotogenic mechanisms active in their produc- 
tion. The obliterative endarteritic changes with 
atrophy and fibrosis of the media represent the 
vascular reaction to decreased intravascular 
hydrostatic pressure, as pointed out many years 
ago by Thoma, who stated that only the blood 
flow protects the arteries from obliteration. In 
the nonobliterating, elastotic type of reaction the 
primary hypotensive mechanism is complicated 
by a secondary compensatory elastotic reaction 
developing in response to the atrophy of the 
muscular elements. The elasticity and the dis- 
tensibility of the wall of the patent umbilical 
arteries then depend entirely on the proliferated 
elastic elements. 

In the third type of reaction reported, sec- 
ondary vasotoxic and probably allergic influ- 
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ences are active and superimposed on the endar- 
teritic changes. 

Involutionary Sclerosis of the Uterine and 
Ovarian Arteries —Another and outstanding ex- 
ample of the arteriosclerotogenic effect of local 
hydrostatic hypotension is offered by the vascu- 
lar sclerosis observed in the uterine and ovarian 
arteries as the result of mild to severe fluctua- 
tions in the circulatory and hemodynamic condi- 
tions occurring in these organs in connection 
with menstrual periods, pregnancies and the 
menopause (Ranke ; Hueck ; Jacob; Westphalen ; 
Bennecke). It is for this reason that the uterine 
arteries show early and frequent sclerotic intimal 
changes (Kon and Karaki; Dittrich). 

The intima of the uterine arteries, which is thin 
during the first decade of life, increases in thick- 
ness by fibroblastic proliferation during the latter 
half of the second decade, i. e., after the onset of 
puberty and of rhythmic menstrual fluctuations of 
increasing and decreasing blood supply of the 
uterus. These changes affect mainly the large 
arteries in the outer and the middle portion of 
this organ and produce an eccentric shift of the 
lumens. During the third decade small hyaline 
foci are occasionally seen in the thickened intima. 
These proliferative and degenerative reactions 
become much more pronounced in incidence and 
degree during the fourth decade and involve also 
the medium-sized arteries. The intimal changes 
are still predominantly fibrous at this time and 
only occasionally hyaline. There also occur 
during this period hyaline degenerations in the 
media, particularly in that of the medium-sized 
arteries. In the subsequent decades the arterial 
lesions show a progressive character. Calcifica- 
tions in the intima and the media are seen to- 
gether with extensive intimal and medial hyalini- 
zation. The arteriolar walls become markedly 
swollen and hyaline. Kon and Karaki did not 
find any consistent relations between the severity 
of these lesions and the occurrence and the num- 
ber of pregnancies, as the same type and degree of 
lesions were sometimes observed in women who 
had not been pregnant. 

After the onset of the menopause, when the 
rhythmic fluctuations of the filling of the uterine 
vessels synchronous with the menstrual periods 
cease, the changes of senile involution are super- 
imposed on the preceding effects of menstruation 
and pregnancy. The intima then shows fibro- 
elastic thickening accompanied by a considerable 
increase of the mucoid ground substance with 
hyalinosis and calcinosis, both of which extend 
into the atrophic, fibrous and hyaline media 
(Fraenkel; Meyer; Pankow). The demarcation 
between the intima and the media gradually dis- 
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appears and the lumen becomes increasingly 
narrowed. The process was designated by some 
investigators as endarteritis obliterans (Rein- 
ecke; von Kahlden; Balin; Dittrich; Meyer; 
Wiegand; Palmer). In histochemical studies 
Zinkant, who used ashed sections of the uteri of 
various age groups, showed that the deposition 
of calcium starts with the second decade and is 
regular from the third decade, involving at this 
time only the intima. From the fifth decade on, 
calcifications appear also in the media and are 
then observed also in the smallest arteries, par- 
ticularly in the elastic layers. 

The puerperal changes differ from the pre- 
senile and the senile ones, since they develop rela- 
tively rapidly as acute involutionary reactions of 
the hyperplastic and dilated uterine vessels of 
pregnancy. During pregnancy there appear in 
the intima cushion-like connective tissue thicken- 
ings, with deposition of a metachromatic mucoid 
substance, and a proliferation of elastic fibrils 
sometimes forming several lamellas (Wermbter ; 
Pick; Woltke). With succeeding pregnancies, 
these changes become more pronounced, and the 
metachromatic material and the elastic lamellas 
appear also in the perivascular tissue. After de- 
livery regressive changes set in in the contracted 
uterine vessels, which, moreover, are compressed 
from the outside by the firmly contracted uterus 
(LaTorre). The lumens of the uterine arteries 
become narrowed by a considerable fibrous pro- 
liferation of the intima, which extends also into 
the media and which may lead to complete oblit- 
eration of the vessel. The muscular elements of 
the media undergo simultaneously fatty degenera- 
tion and finally complete dissolution affecting 
either the entire media or only part of it while 
another part is replaced by fibrous tissue (Balin; 
Broers; Woltke; Mayor; Kon and Karaki; 
Frankl and Stolper ; Biittner ; Pankow ; Wermb- 
ter; Goodall). 

The ovarian arteries pass through - similar 
endarteritic changes, which start relatively early 
in life, especially in the neighborhood of corpora 
fibrosa. The proliferation of elastic lamellas in 
the intima of the ovarian arteries is associated 
with fibrous atrophy of the muscularis. Calcifica- 
tions appear in the border zone between the 
intima and the media ( Woltke ; Borchardt ; West- 
phalen). 

The sclerotic lesions of the uterine and ovarian 
arteries occur independently of those developing 
in the arteries of the rest of the body and illus- 
trate, therefore, the importance of local functional 
factors in the production of such changes. It is 
obvious that during the time of active sexual 
function the vessels of the uterus and the ovaries 


pass through periods of increased intravascular 
hydrostatic pressure, accounting for the presence 
of elastic proliferation and mucohyaline material 
in the intima, followed by periods of decreased 
intravascular hydrostatic pressure, which elicit 
the endarteritic and medial fibrosing reactions. 
These hydrodynamic conditions become per- 
sistent after the menopause, leading to an accen- 
tuation of the endarteritic responses. 


ExoceNous MECHANISMS.-—Arterial Occlu- 
sion, Stenosis and Compression.—A reduction in 
intravascular hydrostatic pressure follows partial 
or complete occlusion of an arterial lumen by 
thrombi or atheromas, pressure from the outside 
of scar tissue, tumors or other structures, kinking 
or torsion of the vessel and ligation. Mention was 
made, in connection with the discussion of the 
various vascular changes associated with throm- 
boangiitis obliterans, of the occurrence of endar- 
teritic lesions in the small arteries of the extrem- 
ities distal to the narrowing of the vascular 
lumens of large arteries by mural thrombi and 
marked intimal fibrous thickenings. Marked and 
finally obliterating fibroblastic intimal prolifera- 
tions accompanied by atrophy and fibrosis of the 
muscular media are found in parts of arteries 
located distal from ligations and not supplied by 
blood from anastomosing vessels. Malyschew, 
Apollonio and Peckelharing studied these changes 
in dogs and rabbits in which the carotid or crural 
arteries were ligated. If the blood was expressed 
from the vascular lumen before a double ligation 
was made, the endothelial cells proliferated into 
the collapsed lumen within seven to ten days, with 
numerous mitoses present in these cells. If blood 
was left in the ligated vessel, endothelial cells 
emigrated into the blood clot in a fashion similar 
to that of fibroblasts in tissue cultures. Myelo- 
poietic foci were then formed in the organizing 
blood clot, which was finally converted under for- 
mation of vascular lumens into an angiomatous 
structure (Malyschew). Peckelharing concluded 
from these observations that it is the removal of 
intravascular pressure which elicits in collapsed 
ligated vessels the endarteritic reaction. 

The same hydrostatic mechanism is active in 
the production of the fibrous intimal thickenings 
and the narrowing of the arterial lumens in the 
stumps of amputated extremities, as the caliber 
of such arteries has become too large for the 
amount of blood needed by the reduced areas of 
tissue (Ranke; Miiller). Similar ischemic fibros- 
ing intimal changes are seen in the arteries distal 
from arteriovenous fistulas (Mahrburg), where 
the intravascular hydrostatic pressure drops 
sharply. 
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Vasospasm and mechanical compression or 
partial occlusion of the lumens of proximal 
arteries resulting in a decrease of the intra- 
vascular hydrostatic pressure and of the pulse 
pressure are responsible for the arteriolar endar- 
teritis recorded present in kidneys with chronic 
glomerulonephritis and essential nephrosclerosis. 
Cicatricial changes in the perivascular connective 
tissue likewise cause sclerosing lesions in the 
small arteries of the skin and other organs in 
scleroderma (Heine; Murphy, Krainin and Ger- 
son; Goldman; and others), in chronic radio- 
dermatitis and in the floor of roentgen ulcers 
(Warren ; Hueper ; Hueper, Fisher, de Carvajal- 
Forero and Thompson, and others) and of 
chronic gastric ulcer (Torhorst; Hueper and 
Ichniowski; Meyer and Saphir; Fetterman; 
Buday ; Lewin). 


INTRAVASCULAR HYDROSTATIC 
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INTRAVASCULAR HYDROSTATIC 
B. INCREASED 


PRESSURE: 


Increased intravascular hydrostatic pressure 
causing hydrostatic hypertension results from 
the presence of an excessive amount of blood in 
the entire circulatory system or in parts of it. 
The vascular walls are thereby mechanically 
distended beyond the limits of their normal capac- 
ity, and both the muscular and the elastic ele- 
ments are stretched and placed in a state of 
accentuated functional activity. Moreover, the 
contractile and elastic components are pressed 
against the unyielding adventitia, causing com- 
pression of the vasa vasorum, which, in addition, 
are elongated and thus partially collapsed by 
being longitudinally stretched. Ischemic anox- 
emia is thus produced in the vascular walls by 
hydrostatic hypertension. 

This condition when affecting the entire cir- 
culatory system (plethora) is either of endog- 
enous origin (polyhemia or polycythemia) or of 
exogenous genesis (a habitual excessive intro- 
duction of watery liquids). Locally increased 
hydrostatic pressure results from abnormalities 
in the heart or the vascular system, such as mal- 
formations of the heart or of the large elastic 
arteries, from arteriovenous fistulas, from extra- 
ordinary local functional demands for blood or 
from highly accentuated forces of gravity causing 
delivery or shift of excessive amounts of blood 
to restricted areas of the arterial network. 
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ENDOGENOUS MECHANISMS.-—General Hydro- 
static Hypertension or Plethora-—Moschcowitz 
once advanced the axiom that without increased 
intravascular pressure there is no arteriosclerosis. 
However, a general causative role of hydrostatic 
hypertension in the production of the generalized 
proliferative and degenerative vascular changes 
known as arteriosclerosis cannot be recognized, 
as there occur many cases of arteriosclerosis 
without hypertension of any kind at any time and 
even the presence of polyhemia, or plethora, in 
many hypertensive conditions is controversial. 
While some (Aschoff; Plesch) have favored 
such a relationship, others (Jaffé; Dietrich; 
Griesbach) have doubted the reliability of the 
evidence on which this conclusion is based. Some 
(Buengeler; Kahler; Volhard; Baucke) have 
maintained that plethora exists in red, or benign, 
hypertension, but others ( Miller ; Ernst ; Stagel- 
schmid; Schmid) have contradicted this state- 
ment. The total blood volume, on the other hand, 
seems to be low in pale, or essential, and 
glomerulonephritic types of hypertension and in 
hypertension of the Goldblatt type (Buengeler ; 
Griffith, Rutherford, Roberts and Lindauer; 
3eckwith and Chanutin). The hypertension 
found with thyrotoxicosis has been attributed 
to plethora combined with increased minute vol- 
ume of the heart (Volhard). It was reported by 
Ruggiero that the plethora associated with poly- 
cythemia vera is accompanied by a relatively high 
incidence of degenerative vascular lesions. Plesch 
claimed that status plethoricus leads rapidly to 
arteriosclerosis. However, the actual role and 
significance of these endogenous types of plethora 
in the production of arteriosclerosis are not yet 
definitely established. 

In addition to these often erythrocytemic 
types of plethora there is an exogenous type elic- 
ited by habitual and rapid consumption of exces- 
sive amounts of liquids usually in the form of 
beer or wine (Rossle; Ernst; Flaig; Heubner ; 
Genersich). The so-called hypertrophic “beer 
heart” is attributed to the hemodynamic condi- 
tions connected with this artificial exogenous 
plethora. Israel found in the aorta and the large 
elastic arteries of drunkards a marked reduction 
of elasticity and the smallest degree of distensi- 
bility of all arteries studied. Causal relations of 
the high incidence of arteriosclerosis, arteriolo- 
sclerosis and endarteritis among drunkards to 
the overindulgence in beer and wine have been 
claimed by Koelsch, Heubner, Guttmann, Flaig 
and Genersich. It may be added that in man 
and animals the introduction of excessive 
amounts of water for experimental purposes has 
resulted in a marked increase of the blood pres- 
































































sure (Miller and Williams; Rowntree; Griffith ; 
Griffith, Rutherford, Roberts and Lindauer). 
Chronic experiments of this type for the determi- 
nation of any potential vascular effects have ap- 
parently not been made. 

In this connection it may be mentioned briefly 
that any arteriosclerotogenic changes allegedly 
caused by excessive consumption of alcoholic 
beverages cannot be blamed on a direct effect of 
the alcohol on the vessels or on their tonus, as 
has been asserted (Hultgren). The studies of 
numerous investigators (Cabot; Leary; Mart- 
land; Fahr; Eberhard; G6rdg) on persons in- 
dulging mainly in the consumption of hard 
liquor showed that these exhibited a relatively 
low degree of arteriosclerosis. Ruffer, on the 
other hand, stated that Mohammedans, who are 
exceptionally strict in their total abstinence from 
alcohol, have arteriosclerosis as often as 
Europeans. The studies of a number of workers 
cited by Schirokogoroff (Afanassieff and Krem- 
janski; Kulbin; Bondareff; Lebenson; Tepl- 
jaschin) on rabbits, dogs, guinea pigs and 
rats receiving alcohol orally for up to nine months 
were inconclusive ; only a few small atheromatous 
thickenings near aortic valves were observed in 
some of the dogs used by Afanassieff. Negative 
results in animals after chronic feeding of alcohol 
were reported by Petrov and by Fahr. Saltykow 
injected alcohol intravenously into young rab- 
bits eight times during a period of two years and 
observed only in 1 severe intimal thickenings of 
the aorta, hepatic arteries and renal arteries. 

Local Hydrostatic Hypertension.—(a) In Col- 
lateral Arteries after Ligation or Stenosis of a 
Main Vessel: When a main vessel is ligated or 
its lumen narrowed, the collateral vessels above 
this point are forced to take over the distribution 
of at least a part of the amount of blood originally 
passing through the occluded artery. From this 
hemodynamic circumstance they are exposed to 
an elevation of their normal intravascular hydro- 
static pressure. Nothnagel observed in man and 
Jores and Schilling in rabbits and a dog sub- 
jected to these conditions endothelial prolifera- 
tion and intimal hyperplasia of the small collateral 
arteries of an endarteritic type. 

(b) In an Arteriovenous Fistula: Similar 
hemodynamic conditions prevail in the venous 
part of an arteriovenous fistula, which when 
affecting larger vessels short-circuits the circu- 
lation and increases the return flow of blood to 
the heart, causing general hypertension through 
an increase of the minute volume of the heart. 
The part of the vein proximal to the arterio- 
venous fistula undergoes structural arterializa- 
tion. Associated with these hypertrophic changes 
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are calcification, thickening and fibrosis of the 
media and fibroelastic proliferation of the intima 
opposite the fistulous opening (Reid; Holman; 
Mahrburg ; Callander ; Dandy ; Gamm; Weaver ) 
in response to the marked local increase of 
intravascular hydrostatic pressure. 


(c) At Bifurcations: The presence of whirls 
at bifurcations and the directional influence 
exerted by the vascular spurs of bifurcations on 
the flow of the blood are responsible for the 
increased intravascular pressure on certain ad- 
jacent parts of the vascular walls. Thus Chiari 
reported the occurrence in juveniles of a stripe- 
shaped fibrous endarteritic lesion at the bifurca- 
tion of the common carotid artery, extending 
from this vessel into the internal carotid artery. 
Similar observations at this location were re- 
ported by Beneke. Des Ligneris found ribbon- 
like white fibrous intimal thickenings on the 
posterior wall of the external iliac artery, ex- 
tending to the orifice of the femoral artery. Such 
lesions were noted in 33 per cent of 100 consecu- 
tive autopsies. They were attributed to the 
mechanical impact of the blood on the posterior 
wall of this vessel occurring when the legs are 
bent and the artery is stretched. It is uncertain 
whether the intimal fibrous and elastic thicken- 
ings observed at bifurcations of cerebral arteries 
are attributable to the same hydrostatic mechan- 
ism or represent in part compensatory hyper- 
plasia of the intima on the basis of congenital 
local medial defects (Voncken; Wallesch; 
Lowenhardt; Hey; von Hofman; Lebert; Tut- 
hill; Hackel; Beneke, and others). 


(d) With Coarctation of the Aorta: Coarc- 
tation or stenosis of the aorta is associated with 
mechanically conditioned hydrostatic hyperten- 
sion in the circulatory system supplying the upper 
half of the body, particularly the upper extremi- 
ties, and with normal or reduced blood pressure 
in the lower half of the body (Brotchner). The 
arteries of the upper half of the body, including 
the proximal portion of the aorta, are dilated be- 
cause of the back pressure exerted on the aortic 
blood flow by the narrowing in the aortic lumen 
(Kohn; Irvine; Baker and Shelden; Sella). In 
many of the cases reported there were marked 
intimal thickenings and medial fibroses and cal- 
cifications in the aorta and the branches of the 
aorta above the stenosis (coronary arteries) as 
well as in the pulmonary arteries (Benkwitz and 
Hunter; Hickl; Gerhartz; Lemon; Read and 
Krumbhaar; Harrison; Evans; Legg). Cystic 
degeneration of the ascending aorta with spon- 
taneous rupture of the vessel in connection with 
aortic coarctation was reported by Harrison and 
by Sella, who collected 10 additional cases from 
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the literature. In some of the patients, many of 
whom were juveniles or young adults, there were 
also some sclerotic changes below the stenosis 
or even definite renal sclerotic lesions. It is 
obvious that stenosis at the usual location in 
the upper part of the aorta impairs the blood sup- 
ply to the kidneys and may thus elicit renal 
ischemic hypertension in cases in which a critical 
anoxemic level in the renal blood is surpassed. 
Experimental constrictions of the aorta in ani- 
mals rendered similar results. Harvey, who 
transitorily compressed the abdominal aorta of 
the rabbit below the renal arterial orifices, ob- 
tained temporary hypertension. After repeated 
compressions he observed primary medial 
necroses, fibroses and calcifications in the ascend- 
ing and thoracic portions of the aorta. Dill and 
Isenhour performed similar experiments on rab- 
bits maintained on a cholesterol diet but con- 
stricted the abdominal portion of the aorta 
proximal or distal to the orifices of the renal 
arteries. They observed intimal thickenings of 
the ascending and thoracic portions of the aorta, 
composed of histiocytic cells and amorphous ma- 
terial containing cholesterol clefts, and duplica- 
tion of the elastic membrane. 

In this connection attention may finally be 
called to the comparatively high frequency of 
hypertension and of obliterating endarteritis in 
persons who have undergone leg amputations, as 
a hydrostatic factor possibly contributes to the 
development of these functional and anatomic 
abnormalities (Groedel). 


EXxoGENous MECHANISMS.—Local Hydrostatic 
Hypertension—(a) Physical Labor and Static 
and Gravitational Factors: Heavy muscular labor 
causes dilatation of the arteries supplying the 
involved muscles with blood, as shown by 
Schretzenmayr by oncometric methods in con- 
nection with the femoral artery. This reaction 
is attributable to the fact that the accentuated 
metabolism of working muscles (a three to eight 
fold increase of metabolic rate) increases the de- 
mand for blood (Ivy). During exercise there 
occurs, therefore, an increase in the total volume 
of the circulating blood as a result of the mobili- 
zation of blood from the depots (Simonson and 
Enzer). The margin of safety of cardiovascular 
function is reduced during work and may com- 
pletely disappear when labor is excessive and 
prolonged. Under such circumstances metabolic 
exhaustion with relative anoxemia may ensue 
causing myocardial necroses of the heart (Fro- 
boese, Biichner and von Lucadou). 

It is apparently from these causes (excessive 
vascular dilatation with increased hydrostatic 
intravascular pressure and metabolic insuffi- 
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ciency) that physically hard-working persons 
allegedly show a precocious appearance and a 
more marked development of arteriosclerosis of 
the arteries of the extremities than men subjected 
to less physical labor. Klotz stated that this type 
of work arteriosclerosis involves usually the right 
radial artery more severely than the left in right- 
handed persons, while these relations are reversed 
in left-handed persons. Similar observations were 
reported by Boveri. Kilbs commented on the 
high incidence of arteriosclerosis of the arteries 
of the arms in manual laborers, particularly 
paviors. Koelsch and Lederer made analogous 
observations in workers of the plate glass indus- 
try and of tanneries, where they are subject 
to strenuous manual labor. Hardened radial 
arteries were found among rather young persons 
of these occupations and after only ten years of 
work in such operations (Weissgerber). Britten 
and Thompson, studying 10,062 industrial work- 
ers, noted a prevalence of radial arterial thicken- 
ing among industrial workers. 

Identical conditions apparently prevail in work- 
ers using mainly their legs and suffering there- 
fore from precocious arteriosclerosis of the 
femoral arteries. Kazda noted that the arteries 
of the leg which is exercised most (the work leg) 
show the most pronounced arteriosclerotic 
changes. A similar observation was reported by 
Heusner, who observed that in persons having 
only one well functioning leg (e. g., after infantile 
paralysis) the arteries of this leg exhibit sclerotic 
lesions earlier and more extensively than those 
of the leg with impaired function. Professional 
bicyclists, who continuously use their legs to an 
excessive degree, are said to suffer from early 
arteriosclerosis of the arteries of the legs as the 
result of increased regional intravascular hydro- 
static pressure, but Heusner expressed doubt that 
this contention is correct. However, recent ob- 
servations of Lake, Pratt and Wright among 
employees of a large department store provide 
some support for such interrelations between 
strenuous occupational use of the legs and the 
development of precocious arteriosclerosis of the 
arteries of the legs. These investigators noted 
that the incidence of arteriosclerotic medial cal- 
cifications in the legs as demonstrated by roent- 
genographic methods was approximately twice as 
high in stair climbers (54 per cent) as in those 
who did not climb stairs (27 per cent) in the 
age group 40 to 49 years. Sternberg, according 
to Miller, found among members of occupations 
calling for an undue amount and degree of spe- 
cialized physical activity, as weavers, who use 
their lower limbs extensively, a preponderance 
of arteriosclerosis of the vessels of these parts. 
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Miller cited Cordier as calling attention to arterial 
changes and hypertension in French soldiers 
undergoing much marching. 


The increase in the intravascular hydrostatic 
pressure in the arteries of the lower extremities 
may result not only from excessive physical 
strain but from prolonged standing, as in this 
position the cardiovascular adaptation becomes 
defective and a circulatory deficiency results 
causing, under the influence of gravity, an ac- 
cumulation of the blood in the dependent parts. 
Investigations made by Keys and Butt have 
shown that the vessels of the legs undergo 
changes in their permeability on quiet standing, 
as hemoconcentration occurs by transudation of 
fluid to the tissue spaces of the extremities. This 
process is accompanied by a marked increase in 
the colloid osmotic pressure of the serum (58 
per cent) and a rise in plasma proteins, choles- 
terol, fatty acids and lipoid phosphorus (from 
21 to 24 per cent). Aschoff proposed that the 
increase of hydrostatic pressure in the arteries 
of the legs with these static conditions may be 
related to the medial calcifications often found 
in these arteries, according to Ménckeberg. 


Klotz attempted to imitate this arterioscleroto- 
genic effect of static factors by suspending rab- 
bits by the hindlegs for short periods daily. 
While he observed in the ascending and the 
thoracic portions of the aorta and the subclavical, 
brachial and carotid arteries of these animals 
medial degenerations and calcifications and in- 
timal fibroelastic thickenings, subsequent inves- 
tigators (Fahr; Lubarsch ; Saltykow ; Steinbiss) 
failed to confirm his observations. 

Inasmuch as the arteries of the extremities are 
of the muscular type, the main functional and 
metabolic stress of withstanding prolonged ex- 
cessive intravascular pressure of orthostatic 
genesis rests with the contractile elements. Mus- 
cle cells are not properly adapted for such a sus- 
tained strain, as this function belongs to the 
elastic elements. It is therefore plausible that 
under such conditions the muscle cells should 
undergo degenerative changes ending in local or 
diffuse calcinosis. The erect posture of man 
accounts for the fact that this orthostatic stress 
is in general more frequent and severe in the 
arteries of the legs than in those of the arms. It 
is apparently mainly from this fact that medio- 
calcinosis occurs much more frequently and ex- 
tensively in the arteries of the lower than in those 
of the upper limbs (Cali). 

In this connection attention must be called to 
the marked fluctuations in intravascular hydro- 
static pressure occurring in airplane pilots during 
acrobatic flying, as a result of acceleration 
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(Adams). These accentuations of the forces of 
gravity may act centrifugally as well as centrip- 
etally and thus may cause local hydrostatic 
hypertension as well as local hydrostatic hypo- 
tension. During power dives and in narrow 
curves the hydrostatic pressure may become 
almost zero in some parts and may reach in 
other parts, on the other hand, unbelievably high 
figures (Ranke). Depending on the direction of 
the forces of acceleration, the temporary circula- 
tory collapse may be accompanied by a lack of 
blood in the cerebral vessels or by an overdisten- 
tion of the cerebral vessels with blood. 


Such gravitational stresses of a hydrostatic 
nature on the walls of the blood vessels of flyers 
become especially marked during abrupt changes 
in the direction of movement, as in reversing the 
direction after a power dive, when these forces 
may reach values of up to 7.8 to 10.5 g. (gravity). 
They are exerted mainly on the smaller vessels 
during such sudden and massive shifts of large 
amounts of blood from the caudal to the cranial 
parts or vice versa. Simultaneously there occurs 
severe interference with the return flow of blood 
to the heart and with the coronary circulation 
(Jongbloed and Noyons; Adams; Jokl; Poppen ; 
Cross and Ball). Only suggestive information is 
as yet available as to the anatomic effects on the 
vascular system of often repeated hydrostatic 
episodes of this type. In a future evaluation of 
the evidence of cardiovascular pathologic changes 
in flying, however, attention must be paid to the 
fact that the hydrostatic aspect is probably often 
complicated by the effects of additional arterio- 
sclerotogenic factors likely to be active in flyers, 
such as atmospheric anoxemia, poisoning with 
carbon monoxide, oxygen and lead, and exposure 
to cold. It is known from the sudden experi- 
mental increases of the hydrostatic intravascular 
pressure accomplished when large amounts of 
liquids have been injected under pressure into 
the vascular system of animals that tears occur 
in the elastic fibrils, followed by degeneration 
and calcification of the media and fibrous thick- 
ening of the intima ( Malkoff ; Ziegler ; Ernst). 


(b) Compression of Splenic Arterioles : Anom- 
alous Condition of Testicular Arterioles: The 
vessels of the spleen are subject to marked fluc- 
tuation in their blood content and thus in their 
intravascular hydrostatic pressure, depending on 
the state of contraction of the splenic pulp (West- 
phalen). The human spleen can retain about 
200 cc. or one twentieth to one thirtieth of the 
total amount of blood, while the canine spleen 
can retain up to one fifth and that of the cat up to 
one seventh (Steinmann; Eppinger). It is 
characteristic of the small arteries of the spleen 
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that there begins rather early in life and apart 
from any changes in other vessels a subendo- 
thelial deposition of a hyaline matter which 
causes thickening of the wall and narrowing of 
the lumen (Herxheimer; Matsuno; Nakonet- 
schny ; Staemmler; Jacob). The hyaline lesions 
thus produced are progressive with age and 
become complicated by regressive changes, such 
especially as deposition of fat in the hyaline 
matter. The elastic fibrils are usually not in- 
creased and are sometimes reduced in number. 
Hydrostatic hypertensive and hypotensive influ- 
ences are probably active in the causation of the 
splenic arterial and arteriolar hyalinosis. 


The arteriolar hyalinosis found in cryptorchid 
testes is a second example of such localized hy- 
drostatic reactions (Stroebe; Staemmler). The 
lumens of the arterioles of inguinally and abdom- 
inally retained testes are markedly narrowed and 
eccentric and are surrounded by thickened hya- 
line intima. The muscular media underneath in 
some of these vessels is atrophic and without 
nuclei and is replaced by hyaline matter. There 
is usually little lipoid present. The internal 
elastic membrane is split. The youngest person 
in whom Staemmler observed such changes was 
19 years old. Similar arteriolar lesions were not 
found in testes atrophic from myxedema, alcohol- 
ism, multiple sclerosis and renal arteriosclerosis. 
They are thus not the result of testicular atrophy. 
The large arteries of the testes are intact. While 
Staemmler suspected the action of a toxic factor 
in the development of the lesions, it is more likely 
that they are the result of a disproportion between 
the amount of blood supplied through the intact 
large testicular vessels and the capillary capacity 
of the organ remaining in its infantile state but 
receiving an amount of blood adequate for an 
adult, fully developed testis. 

(c) Sclerosis of the Pulmonary Artery and 
Its Branches: The pulmonary artery, the ana- 
tomic structure of which resembles that of the 
aorta, differs from this vessel in its venous blood 
content and its low intravascular hydrostatic 
pressure, which is only about one third of that of 
the aorta (Hornowski). Merkel contended that 
this low pulmonary pressure is attributable to 
the extraordinary width of the lumens of the 
pulmonary arterioles, which are said to be four 
times as wide as those of the general circulation 
and which therefore offer a much lower periph- 
eral resistance in the lesser circulation than is 
present in the systemic one. The pulmonary ar- 
terial pressure is moreover to a great extent in- 
dependent of that in the general circulation and 
thus does not participate in most types of sys- 
temic hypertension (McCann; Katz and Stein- 
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itz). Further, vasoactive drugs affecting the 
aortic pressure usually leave the pulmonary 
pressure unchanged, while some drugs, such as 
beta-imidazolylethylamine, contract the  pul- 
monary system but do not affect the vessels of 
the systemic circulation (Bredt). The blood 
pressure and content of the pulmonary vessels 
depend thus in general on the minute volume of 
the right ventricle, the resistance and capacity 
changes in the pulmonary vessels, and the “‘back- 
pressure resistance” developed in the left side of 
the heart by changes in the general circulation 
( Wiggers). 

Deviations from this normal pattern causing 
an increase in the pulmonary intravascular hydro- 
static pressure result from the following sources : 


1. Elevation of the “back-pressure resistance” in the 
left side of the heart through failure of the general 
circulation, mitral stenosis or abnormal narrowness or 
other malformation of the pulmonary veins causing a 
reduction of the total cross surface of their orifices in 
the right auricle. 

2. Delivery of increased amounts of blood into the 
pulmonary system because of shunting of arterial blood 
into the right chambers of the heart through a patent 
foramen ovale or through defects in the interauricular 
and interventricular septums, or into the pulmonary 
artery from the aorta through an open ductus arteriosus, 
or as a result of transposition of the large cardiac 
vessels. 

3. Increase of the intrapulmonary circulatory re- 
sistance through reduction of the pulmonary arterial 
and capillary network, such as results from pneumono- 
coniosis, chronic chemical pneumonia, chronic bronchitis 
and bronchiectasis, chronic fibrous pulmonary tubercu- 
losis, pulmonary fibrosis associated with scleroderma, 
pulmonary schistosomiasis, emphysema, extensive pleural 
adhesions, pulmonary neoplasms, kyphoscoliosis or 
primary obliterating vascular disease of the lung repre- 
senting either a part of periarteritis nodosa or of 
thromboangiitis obliterans or appearing in response to 
the action of organ-specific vasospastic agents. <A 
similar hemodynamic effect may be elicited in those 
parts of the pulmonary vessels which are not blocked 
by multiple emboli of the small pulmonary arteries and 
arterioles. Such emboli, on the other hand, produce 
reduced intravascular hydrostatic pressure in the af- 
fected vessels. Stenosis of the stem of the pulmonary 
artery causes increased pressure only in the proximal 
part of this vessel and reduced pressure in the distal 
branches. 


It is obvious from this analysis that athero- 
sclerotic intimal thickenings of the stem of the 
pulmonary artery and its larger branches, which 
occur usually as a part of general atherosclerosis 
in older people and which are not uncommon, 
according to the observations of Brenner, do not 
furnish the basis for an increase of intravascular 
hydrostatic pressure in the pulmonary circulation 
but rather may cause a reduction, particularly if 
the atherosclerosis is complicated by mural 
thrombosis. It is also not likely that atherom- 
atous reactions in the pulmonary artery are the 
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result of increased intrapulmonary pressure, as 
such vascular lesions, as will be shown later, are 
causally related to disturbances in the quantita- 
tive and qualitative physicochemical colloidal 
equilibrium of the lipoid metabolism of the 
plasma. Such atheromatous lesions, however, 
may occur with and complicate the hydrostatic 
ones, especially in those cases in which arterial 
blood is shunted into the pulmonary artery 
( Hornowski; Brenner ; Oguro). 


Unrelated to the hydrostatic hypertensive 
changes in the pulmonary vessels are also those 
seen after rheumatic infections (Pappenheimer ; 
Kugel; Chiari) as well as those described by 
Wolff, which affect the media and resemble the 
cystic degenerative lesions noted in the ascend- 
ing portion of the aorta by Erdheim, Gesell, 
Weise and many others. They must be distin- 
guished, moreover, from the physiologic changes 
occurring in the pulmonary arteries with age 
(Brenner; Merkel). Inasmuch as the pulmonary 
vessels are highly distensible and thus can adapt 
themselves readily to considerable fluctuations in 
blood content (Parker), persistent and signifi- 
cant elevations of the intravascular hydrostatic 
pressure are not the result of minor interferences 
with, or increase of, the pulmonary flow of blood. 

The figures for the incidence of pulmonary ar- 
terial sclerosis of all types vary greatly with 
different investigators, depending on the thor- 
oughness of the postmortem examinations and 
on the use of gross or microscopic evidence. 
Whenever data based on macroscopic inspection 
are given, the values are distinctly lower than 
those based on microscopic studies, as these 
include also the changes in the small arteries and 
arterioles, which are of special importance in 
connection with the hydrostatic hypertensive 
type of pulmonary sclerosis. Briining, who re- 
viewed the early literature on this subject, stated 
that pulmonary angiosclerosis was considered 
rare during the last century by most workers 
(Otto; Andral; Albers; Dittrich; Bamberger ; 
Cannstatt ; Lobstein ; Foerster, and many others). 
However, during this period there was no agree- 
ment among the various investigators as to the 
type of pulmonary sclerosis referred to; while 
some mentioned an endarteritic type of lesion, 
others noted atheromatous changes. Oppolzer, 
who first used the term “atheromatosis of the 
pulmonary artery,” stated that this condition was 
relatively frequent. 

This confusion extends even into more recent 
times. MacCallum recorded only 1 case of pul- 
monary arteriosclerosis of the primary endar- 
teritic arteriolar type among 12,000 autopsies. 
Seely saw the condition once in 3,800 necropsies 
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but observed that atheromatosis of the pulmonary 
artery was fairly common in persons with or 
without generalized atherosclerosis. The latter 
observation was confirmed by Ehlers. Miller 
stated that the rate of incidence of pulmonary 
arteriosclerosis of all types was 7.4 per cent; 
Moschcowitz, 6.5 per cent; Costa, 8 per cent; 
Wartman, 6.4 to 8.6 per cent in all persons under 
30 years of age and 40 to 58 per cent in persons 
over 60 years old; Ljungdahl, 50 per cent in 
persons over 50; all these data are based on 
gross examinations of the pulmonary arteries in 
routine autopsies. Microscopic studies of lungs 
and pulmonary arteries, on the otlter hand, have 
yielded much higher figures. Thus Costa found 
sclerotic lesions of the pulmonary artery in 65 
per cent, while Brenner, who made a special 
study of this vascular disorder, was able to in- 
crease a macroscopic figure of 65 per cent to 97 
per cent. Hueper furnished the only rate of inci- 
dence of pulmonary arteriosclerosis in animals 
available. He observed intimal hyalinosis and 
calcinosis in the large and medium-sized branches _ 
of the pulmonary artery in 15 per cent of white 
rats. It is noteworthy, however, that he did not 
find such or similar changes in routine histologic 
studies of the lungs of other experimental ani- 
mals, such as mice, guinea pigs, rabbits, cats 
and dogs. While medial hyperplasia of the pul- 
monary arteries was not infrequent in rats, it 
was seen only occasionally in rabbits, cats and 
dogs. 

The different parts of the pulmonary arterial 
tree participate in the sclerotic lesions, accord- 
ing to Brenner, in the following order: The stem 
is affected by patchy or diffuse, mainly fibrotic 
intimal thickenings in 56 per cent of the cases; 
large elastic branches show a similar involve- 
ment in 78 per cent of persons under 40 years 
and in 98 per cent of those over 40; small mus- 
cular arteries exhibit sclerosis in 90 per cent and 
arterioles in 94 per cent. 

It is generally conceded that sclerosis of the 
pulmonary artery, especially that of hydrostatic 
genesis, occurs at an earlier age than that of the 
aorta. The average age was 32.7 years (range 
16 to 49) in the series studied by Moschcowitz, 
28.6 years (range 9 to 49) in that of Ljungdahl 
and 31.9 years (range 13 to 58) in that of Mil- 
ler. The youngest patient with pulmonary ar- 
teriosclerosis on record was a baby 6 months 
old, whose case was reported by Watjen. The 
age distribution of the 20 cases of so-called 
primary pulmonary arteriosclerosis in which a 
definite causal mechanism for the arteriosclerosis 
in the lung could not be demonstrated exhibits a 
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marked preponderance of cases in the younger 
age groups, according to Brill and Krygier: 
Years 0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 
Cases 2 3 5 5 2 | 0 ] 

Males are apparently as often affected as 
females. 

Among the various hydrostatic hypertensive 
mechanisms active in the production of pul- 
monary arteriosclerosis those of cardiovascular 
nature appear to be most important. Posselt 
noted that heart disease was present in the ma- 
jority of 274 cases, and that in 40 per cent there 
was mitral stenosis. Brenner found cardiac dis- 
orders in 20 of 100 cases and general hyperten- 
sion in 9 additional cases. Costa listed mitral 
stenosis in 18 cases, Miller in 15 cases, Steinberg 
in 29 cases, Parker and Weiss in 5 of 10 cases, 
Briining in 5 of 21 cases, with 2 additional cases 
in which there were other mitral lesions and 
1 in which there was obliterative pericarditis. 
Scheel recorded 4 cases with mitral stenosis and 
Oguro 3 cases. Steinberg observed pulmonary 
arteriosclerosis in 88 per cent of all cases of 
heart disease and in 83 per cent of 35 cases of 
heart disease with mitral stenosis; Miller, in 30 
per cent of 52 cases of mitral stenosis; Zeek, in 
59 cases among 62 cases of rheumatic heart 
disease. Additional cases of mitral stenosis with 
pulmonary arteriosclerosis were reported by 
Eliaschewitsch, Moschcowitz, Lénart, Guilia- 
nini and others. Congestive induration of the 
lung was frequently accompanied by pulmonary 
arteriosclerosis (Bredt; Schiitte). Congenital 
cardiac and aortic abnormalities figured in the 
following cases: open ductus arteriosus (Hohen- 
ner; Johannsen and Connor; Zur Linden) ; 
patent foramen ovale and defects of the auricular 
or the ventricular septum (Watjen; Zur Linden ; 
Romberg; Aust; Monckeberg; Johannsen and 
Connor; Posselt ; Heuschen; Okkels and Ther- 
kelsen; Gombert; Stewart and Crawford) ; 
transposition of the aorta and the pulmonary 
artery (Watjen; Tonnies; Marchand). It may 
be mentioned in this connection that defects of 
the ventricular septum are not always congenital 
but may result from trauma to the chest (Husten ; 
Revenstorf; Ebbinghaus; Fischer; Rosenthal ; 
Gross ; Terillou ; Reubold). Thus any pulmonary 
arteriosclerosis developing on the basis of a 
traumatic defect of a septum has medicolegal 
significance. Hart noted narrowing of the orifices 
of the pulmonary veins as the cause of increased 
resistance in the pulmonary circulation. 

The next frequent source of hydrostatic pul- 
monary hypertension is represented by processes 
reducing the vascular bed within the lung either 
by destruction of the capillaries as in emphysema 
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or by compression of these vessels as in pul- 
monary edema and pneumonia, or by interstitial 
fibrosing processes such as those seen in chronic 
pneumonia of physical or chemical genesis and in 
schistosomiasis, or by intravascular obliterating 
reactions ‘such as endarteritic intimal prolifera- 
tion, embolism and thrombosis, or by compres- 
sion or collapse of pulmonary parenchyma as 
caused by tumors, extensive pleural adhesions 
and deformities of the chest, resulting in com- 
pensatory emphysema (Tugendreich; Stern- 
berg; Laubry and Parvu; Laubry and Thomas; 
Ayerza; Rogers; Warthin; Vaquez; Arrillaga; 
Arrillaga and Giroux ; Castex and Capdehourat ; 
Schwartz; Miinzer; Hohenner; Yater and Con- 
stam; Hora; Konstam; Kuntschik; Rosenthal ; 
Meyer; Mobitz; Kreiberg, and others). 
Emphysema, which develops on an occupa- 
tional basis in glass blowers and musicians play- 
ing brass instruments, was observed in 3 per 
cent of the 100 cases studied for pulmonary 
arteriosclerosis by Brenner, while pulmonary 
diseases of this and other types were present in 
29 cases. Briining recorded 5 cases of pulmonary 
disease, 2 of them with pleural obliteration, 
among a total of 21 cases of pulmonary arterio- 
sclerosis. Fischer mentioned that pulmonary 
arteriosclerosis was always associated with pul- 
monary emphysema. Steinberg, on the other 
hand, saw this combination in only 82 per cent 
of his cases of emphysema, and Parker and Weiss 
did not see any sclerotic lesions in the pulmonary 
arteries in 15 cases of emphysema. Torhorst, 
again, listed cases of pulmonary arteriosclerosis 
associated with emphysema, as did a number of 
others (Brandes, Cook and Osborne; Miller; 
Moschcowitz; Kaltreider). Parker studied 32 
cases of emphysema and observed pulmonary 
arteriosclerosis in all except 6 (81.3 per cent), 
whereas Steinberg listed 50 per cent as the rate 
of incidence in his cases of emphysema. Parker 
mentioned that the degree of the arterial changes 
paralleled that of the emphysema. Torhorst re- 
corded the occurrence of the pulmonary arterial 
lesions in connection with pulmonary tuberculosis 
and with pneumonoconiosis, while others 
(Schlomka and Schulze; Hagemann; Wade; 
Seevers, Enzer and Becker; Miller; Linzbach 
and Wedler; Giese; Gerlach; Gardner; Charr 
and Riddle; Bergerhoff; Gerstel; Kalbfleisch) 
saw pulmonary arterial and arteriolar sclerosis 
in cases of pulmonary silicosis and asbestosis. 
In this connection it is interesting to note that 
Gardner observed increased incidence of sclerosis 
of the general circulatory system with silicosis at 
age periods when silicosis is common. This ob- 
servation may be related to the diminution in the 
oxygenation of the arterial blood that results 


61 


from the reduction of the total capacity of the 
silicotic lung with its decreased number of pul- 
monary vessels, decreased lumens and thickened 
alveolar walls. The latter change impairs the 
diffusing of oxygen through the alveolar walls, 
thereby eliciting hypoxemia, which is accentuated 
by the relatively increased deoxygenation of the 
blood in the tissues. Murphy, Krainin and Ger- 
son, as well as Matsui, saw this condition in cases 
of generalized fibrosis of the internal organs, in- 
cluding the lung, complicating scleroderma. 


The perivascular granulomatosis and fibrosis 
associated with the pulmonary schistosomiasis 
occurring endemically in South America, Egypt, 
Africa and Asia (Meira) and occasionally in 
North America (Cutler) was the cause of pul- 
monary arteriosclerosis in cases reported by 
Sorour, Bey, Miller and Clark and Graef. 


Pulmonary arteriosclerosis in rats following 
production of pulmonary edema through pro- 
longed inhalation of air with increased oxygen 
tension (80 per cent) has been reported (Smith, 
Bennett, Heim, Thomson and Drinker; Bennett 
and Smith; Smith and Bennett). This observa- 
tion, however, was not confirmed in subsequent 
similar experiments of Rehbock, Oldt and Dixon. 
Darley and Doan considered the possibility that 
the chronic pulmonary edema elicited by exces- 
sive consumption of table salt (halophagia) might 
have been responsible for the development of pul- 
monary arteriosclerosis, and in view of the fact 
that in this case the repeated attacks of pneu- 
monia caused several periods of increased pul- 
monary arterial pressure and may have been 
responsible for arteriolar endarteritis, it is more 
likely that a pneumonic mechanism of transitory 
hypertension accentuated and continued by sec- 
ondary endarteritis was responsible for the ulti- 
mate pulmonary arteriosclerosis. It must be 
mentioned, however, that Kitamura attributed the 
pulmonary arteriosclerosis of his case to a general 
plethoric intravascular hydrostatic hypertension 
caused by habitual excessive consumption of beer. 

Intrathoracic and pulmonary neoplasms com- 
pressing branches of the pulmonary artery and 
compressing or destroying a part of the vascular 
pulmonary bed were noted as causes of hydro- 
static pulnionary hypertension and the ensuing 
pulmonary arteriosclerosis in some cases (Fried ; 
Réssle; Hornowski; Lutensbacher), while 
thoracic deformities, such as kyphoscoliosis, act- 
ing in similar fashion, figured in others (Edei- 
ken ; Ljungdahl). 

Intravascular obstructions causing an elevation 
of the hydrostatic pressure in the rest of the pul- 
monary network have been observed. These took 
the form of repeated and multiple emboli in the 
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small pulmonary arteries in some _ instances 
(Ljungdahl; Krutzsch; Eppinger and Wagner ; 
Lowenstein; Lang; Goedel) and the form of 
thromboangiitic occlusions in these arteries in 
others (L6Owenstein ; Schiitte; Wail; Bacon and 
Apfelbach). The hydrostatic mechanism in such 
cases differs fundamentally from that in some 
of the cases in which thrombi block partly or 
completely the stem or the main branches of the 
pulmonary artery, as in certain reported instances 
of pulmonary thrombosis (Desclin; Hart; von 
Jurgensen; Stadelmann; Monckeberg; Lowen- 
stein; Ljungdahl; Goedel). While in several 
of these cases the thrombosis in the proximal 
parts of the vessel was secondary to similar 
changes in the distal portions and developed 
therefore on the basis of primary hydrostatic 
hypertension, Desclin noted in only 1 of his 6 
cases of primary thrombosis of the pulmonary 
artery a minor degree of arteriosclerosis of the 
distal pulmonary vessels. Under such circum- 
stances the hydrostatic pressure is increased only 
in the extrapulmonary part of the pulmonary 
artery, which is proximal to the thrombus, while 
in the intrapulmonary vessels, distal from it, hy- 
potension prevails. Similar hemodynamic con- 
ditions are observed in cases of congenital stenosis 
of the pulmonary artery, usually affecting the 
stem at the region of the bifurcation. This mal- 
formation is rare, as there are only 5 cases on 
record (Lissauer). The increased hydrostatic 
pressure in the proximal part of the pulmonary 
artery always dilates the lumen and in some cases 
causes the formation of an aneurysm. It may be 
mentioned in this connection that Karsner, Simon 
and Fujiwara, who injected suspensions of lyco- 
podium seeds and of vanilla seeds in a solution 
of acacia daily for several months into the leg 
veins of dogs, some of which were exercised on 
a treadmill, failed to produce pulmonary arterio- 
sclerotic changes by this method of eliciting 
hydrostatic hypertension in the lesser circulation. 
There remain the 20 cases of so-called primary 
pulmonary arteriosclerosis (MOonckeberg; Ros- 
sle; Sanders; Schitte; Ljungdahl; Hart; 
Krutzsch; Tschistowitsch; Goedel; MacCallum; 
Kuntschik ; Ulrich; Brenner ; Mallory; Killings- 
worth; Gibson) in which a primary cardiac or 
pulmonary mechanism could not be demonstrated 
and in which the action of some sort of primary 
peripheral pulmonary arterial spasm must be 
assumed, such as may be elicited by lead, nicotine 
and sympatheticomimetic drugs (Brandes, Cook 
and Osborne; Lowenstein; Aust; Stadelmann ; 
Bredt; Krutzsch). Such vasotonic agents in 
turn would be responsible for the endarteritic 
and thromboangiitic reactions causing the per- 
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sistent pulmonary hydrostatic hypertension and 
the arterial and arteriolar sclerosis. 

A dilatation of the stem and of the large 
branches of the pulmonary artery has been ob- 
served in several cases of pulmonary hydrostatic 
hypertension (Hart). Gombert noted that the 
small pulmonary arteries were distended and 
tortuous; Zur Linden, that the arterioles were 
dilated, forming sinusoid cavities. The lumens of 
the small and smallest arteries, however, were in 
most cases narrowed or obliterated through en- 
darteritic fibrosing proliferations of the intima. 
In some cases, on the other hand, such partial or 
complete occlusions of the intrapulmonary ar- 
teries were produced by blood clots of thrombotic 
or embolic origin (Gombert; Parker and Weiss ; 
Ljungdahl; Krutzsch; Goedel; Eppinger and 
Wail; Bacon and Apfelbach). These clots were 
often mural, situated at bifurcations and projected 
like polyps into the vascular lumens, suggesting 
thereby an embolic origin. They were in various 
stages of organization and recanalization and 
ultimately formed hemangiomatous structures 


(Gombert; Parker and Weiss; Ljungdahl; 
Krutzsch; Goedel; Eppinger and Wagner; 
Lowenstein) such as those seen in thrombo- 


angiitis obliterans and in thrombophlebitis of 
the portal vein. In some of these cases as well 
as in others thrombotic processes in the small 
arteries and arterioles were associated with 
fibrinoid and necrotizing inflammatory changes 
in the vascular wall (Schititte; Wail; Bacon and 
Apfelbach). The necrotizing arteriolitis and 
arteritis thus produced resembled similar proc- 
esses observed in thromboangiitis obliterans 
(Benda), periarteritis nodosa (Jager) and 
malignant nephrosclerosis (Parker and Weiss). 

Thrombosis of the stem and of the large 
branches of the pulmonary artery was seen in 
cases reported by Goedel and by Stewart and 
Crawford. The intima of these vessels exhibited 
thickenings of a fibrous and hyaline nature com- 
plicated by lipoid deposits and calcifications. In 
the majority of cases of pulmonary arteriosclero- 
sis either there were no intimal changes in these 
parts of the pulmonary vascular tree or there 
were white spots or stripes composed of fibrous 
and hyaline tissue (Brenner ; Parker and Weiss). 
These lesions were most often located just above 
the cusps and in the region of the bifurcation. 
Similar changes of more extensive degree oc- 
curred in the medium-sized intrapulmonary ar- 
teries and were rarely complicated by lipoidal 
and calcinotic deposits. Degenerative fibrosing 
and hyaline changes in the media of the large 
and medium-sized pulmonary vessels occurred 
but were not common. Laubry, as well as Bredt, 
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stated that the sclerotic lesions were restricted to 
the large and medium-sized branches in cases 
of hydrostatic hypertension resulting from chron- 
ic pulmonary disease. However, there have been 
numerous cases of this genesis as well as of car- 
diac origin in which the intimal sclerosis extended 
to an increasing degree into the small and small- 
est arteries (Brenner). 

The intimal changes observed in the small 
arteries and arterioles were in many cases those 
of oligocellular, fibrous proliferation of the 
endarteritic type. These reactions were particu- 
larly common in the cases of arteriosclerosis 
associated with pneumonoconiosis, in which the 
blood flowing through the arterial channels of 
the lurig is retarded and in which the parenchym- 
atous fibrosis causes, through compression of 
arteries from the outside, localized hypotensive 
ischemic conditions in the pulmonary vascular 
tree. In a number of cases there were relatively 
cellular intimal proliferations in the arterioles. 
In others, especially those with congestive heart 
failure, there occurred subendothelial hyaliniza- 
tion and elastosis (Mobitz; Schiitte; Kitamura ; 
Rossle ; Ljungdahl ; Krutzsch ; Steinberg ; Briin- 
ing; Ehlers; Frey; Brenner). Muscular hyper- 
trophy of the media was seen particularly often in 
cases of chronic pulmonary disease (Brenner). 
In some cases the arteriolar intimal thickenings 
contained appreciable numbers of lymphocytes 
(Schiitte; Lang; Wagner and Eppinger; Mur- 
phy ; Krainin and Gerson). 

The arterial and arteriolar lesions occurring in 
the pulmonary arterial tree in association with 
increased intravascular hydrostatic pressure vary 
greatly in type and reflect the various and com- 
plex causal mechanisms and hemodynamic condi- 
tions complicating the main etiologic factor. It 
is for these reasons that the vascular reactions 
in hydrostatic hypertension of the lesser circula- 
tion resemble in many respects those found in the 
kidney with chronic glomerulonephritis or benign 
and malignant essential hypertension. 


SUMMARY 

The evidence presented as to the type of 
morphologic changes brought about in the ar- 
teries by an increase or a decrease of intravas- 
cular hydrostatic pressure shows that the lesions 
are very similar to those elicited by hypotensive 
and hypertensive conditions of vasotonic genesis. 
The main exception seems to be represented by 
the subendothelial hyalinosis and elastosis of the 
arterioles and small arteries seen only in con- 
nection with an increase of intravascular hydro- 
static pressure. 
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Notes and News 


Public Health Cancer Association.—This associa- 
tion is organized to meet the particular need of persons 
engaged in cancer control activities in federal, state, 
city and other official agencies. Active membership is 
limited to professional workers in official cancer pro- 
grams. The president is Herbert L. Lombard, Boston, 
and the secretary-treasurer is Morton L. Levin, Albany, 


N. Y. A meeting and a symposium on cancer will be 
held in connection with the annual meeting of the 
American Public Health Association. 


Appointments.—Howard C. Hopps, of the Univer- 
sity of Chicago, has been appointed professor of pa- 
thology and chairman of the department of pathology 
in the University of Oklahoma. He succeeds Louis A. 
Turley, who has retired as professor emeritus. 

Sidney C. Madden, associate professor of pathology 
of the University of Rochester School of Medicine and 
Dentistry, Rochester, N. Y., has been appointed pro- 
fessor of pathology and head of the department of pa- 
thology at Emory University School of Medicine, 
Atlanta, Ga. The appointment fills the vacancy occa- 
sioned by Roy R. Kracke’s acceptance of the deanship 
of University of Alabama School of Medicine. 


Deaths.—Sir John Ledingham, director of the Lister 
Institute of Preventive Medicine, London, England, died 
on October 4, 69 years of age. He served the institute 
for thirty-eight years, becoming director in 1931, after 
a long period as head of the department of bacteriology, 
serology and experimental pathology. 

Alexis Carrel, of Paris, France, from 1912 to 1939 a 
member of the Rockefeller Institute for Medical 
search and Nobel laureate, died on November 5 at the 
age of 71 years. 


Re- 


Awards.—Roscoe R. Spencer, chief of the National 
Cancer Institute, has been given the Clement Cleveland 
Award for 1944 by the New York City Cancer 
Committee. 

Through the American Academy of Pediatrics, Mezd 
Johnson Awards have been presented to Fuller Albvight, 
of Harvard Medical School, for his work on sxeletal 
and metabolic disturbances in parathyroidism and other 
diseases affecting bone formation, and to Josef Warkany, 
of the Children’s Hospital, Cincinnati, for his experi- 
mental study of congenital malformations induced by 
vitamin deficiencies in the mother’s diet. 


Book Reviews 


Atlas of the Blood in Children. By Kenneth D. 
Blackfan, M.D., late Thomas Morgan Rotch pro- 
fessor of pediatrics at Harvard Medical School and 
late physician in chief of the Infants’ and Children’s 
Hospital, Boston, and Louis K. Diamond, M.D., 
assistant professor of pediatrics at Harvard Medical 
School and visiting physician and hematologist of 
the Infants’ and Children’s Hospitals, Boston. With 
illustrations by C. Merrill Leister, M.D., associate 
pediatrician at St. Luke’s Hospital, Bethlehem, and 
Allentown General Hospital, Allentown, Pa. Pp. 312, 
with 70 colored illustrations. Price $12. New York: 
The Commonwealth Fund, 1944. 


This atlas presents in painting and writing the results 
of systematic, comprehensive morphologic and clinical 
studies, over many years, of diseases of the blood in 
infancy and childhood. There are 70 plates of uniform 
excellence, with descriptive keys, illustrating blood cells 
in health and disease. The plates are accurate photo- 
lithographic reproductions of paintings by Dr. C. Mer- 


rill Leister, pediatrician and artist. For the most part 
the originals were dry blood films stained with the 
Wright stain. The wish of the senior author, the 
late Dr. Blackfan, for good illustrations of the blood 
cells for the guidance of students and physicians has 
been well met indeed. The text of concise 
discussions of blood diseases with illustrative case his- 
tories, preceded by a description of the blood cells and 
a review of their origin. The maturation of the dif- 
ferent series is illustrated in the first five plates. Then 
come sections on the erythrocytes in the various forms 
of anemia, on the leukocytes in disease, on leukemia 
and on the platelets. A short, select bibliography is 
appended. In the preface acknowledgment is made of 
the assistance and support of the Commonwealth Fund 
“which alone made possible the excellent reproduction 
of the plates and the publication of this atlas.” It 
will be a most helpful guide to the study of blood 
diseases. A splendid addition has been made to the 
literature of clinical hematology. 
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